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 1. INTRODUCTION
SCOPE AND PURPOSE
The
data
management
base
developed
for
overview
modelling
and
the modelling
process
itself
have
contributed
to
PLUARG's
goal
of
determining
the
relative
importance
of
all
pollutant
sources
and
in
developing
plans
for
pollution
abate—
ment
from
land
sources.
Overview
modelling
provides
a means
of
comparing
present
and
future
trendsin
pollutant
inputs
to
the
lakes,
as
well
as
a methodology
for
measuring
the
effectiveness
of alternative
remedial programs
applied
to urban
nonpoint,
rural
nonpoint,
and
municipal
point
sources.
The
overview
modelling
process
was
used
to
examine
pollutant
inputs
to
southern Lake
Huron,
Lake
Erie,
and
Lake
Ontario.
These
waters were
considered
as
a
result
of
the
need
to
implement
further
phosphorus
reductions
through
international
commitments under
the
Canada-U.S.
Agreement
on Great
Lakes
Water
Quality.
Lake Michigan
should
be
examined
further
using
overview modelling
techniques
together
with
better
resolution
of
lake
sub—basin
environmental
quality.
Lake
Superior
should
also
be considered
taking
into
account
atmospheric
inputs.
While
atmospheric
inputs
are not
a major
input
relative
to other
sources
in
the lower
lakes,
remedial measures
affecting atmospheric
inputs
should
be considered
in future overview modelling
analyses
of
the upper
lakes.
Most
attention
has been given
to
total
phosphorus and,
to
a lesser
extent
at
this
stage,
suspended
solids.
These
are
the pollutants
of major concern
originating
from rural
lands.
However,
metals
and
persistent
organics
deserve
further
attention.
Although data
for
suspended
solids are
not as well
developed
as for
total phosphorus,
preliminary
overview analysis
is warranted
at
present.
The data
base
should
be upgraded
in
the
future to
permit a more rigorous
analysis for all parameters.
Through the
process of overview modelling,
remedial
programs are described
in terms of types of
land or
point
sources
treated,
tonnes
of pollutant(s)
removable,
unit
costs
for load
reductions and
total
program
costs.
Remedial
programs
have been
examined as options which may
be
combined
in various
ways
and,
if necessary,
simulated
stepwise
through
time
in scenario
fashion.
Some
programs
diminish
in effectiveness
through time
as measured
against
a target
load
and
target reduction.
Consequently,
simulations
through time may
feature
augmentation of remedial measures
in
types and/or
intensities
of programs
in
order
to offset
the
effects of new growth
on target
loadings.
In general, the U.S. and Canadian methods are sﬂnilar and results are
comparable and
additive.
There
are
differences
in detail which are necessitated
by differences in data collection systems and definitions.
The phosphorus—
 (9)
rem
ova
l m
eas
ure
s
hav
e b
een
app
lie
d i
n o
ver
vie
w m
ode
lli
ng
for
mun
ici
pal
phos
phor
us c
ontr
ol;
desc
ript
ions
of t
he t
echn
olog
y ar
e fo
und
in t
he R
esea
rch
Advi
sory
Boar
d re
port
25 .
This
repo
rt i
nclu
des
addi
tion
al d
ata
on r
ural
and
urba
n no
npoi
nt p
hosp
horu
s an
d se
dime
nt c
ontr
ol m
easu
res.
Furt
her
info
r—
matio
n(on
the p
ilot
water
shed
studi
es is
conta
ined
in th
e PLU
ARG t
echni
cal r
eport
seri
es ”
. I
nfor
mati
on o
n ur
ban
nonp
oint
unit
area
load
s (U
AL's
) of
poll
utan
ts,
as w
ell
as r
emed
ia
prog
ram
ooss
s(an
effe
ctiv
enes
s, a
re c
onta
ined
in a
seri
es
of t
echn
ical
note
s 30
’ 31
’ 32
’ 33
whic
h wi
ll l
ater
be c
onso
lida
ted
and
published as a member of the PLUARG technical report series.
GENERAL FEATURES OF OVERVIEW MODELLING
One of the central concepts basic to the overview modelling methodology is
that
of "
land
use”
and
"lan
d fo
rm",
and
how
thes
e tw
o ch
arac
teri
stic
s in
tera
ct
to d
eter
mine
the
leve
l of
diff
use
poll
utan
t lo
ad f
rom
a gi
ven
land
area
. L
and
use
is c
ommo
nly
acce
pted
as a
prin
cipl
e fa
ctor
affe
ctin
g di
ffus
e lo
ads
of t
otal
phos
phor
us,
susp
ende
d se
dime
nt,
and
othe
r po
llut
ants
.
Howe
ver,
it i
s al
so k
nown
that several other factors directly affect diffuse loads; for example, slope,
soil
text
ure
and
fert
ilit
y,
impe
rvio
us a
reas
, dr
aina
ge d
ensi
ty a
nd v
eget
ativ
e
cove
r in
stre
am v
alle
ys,
amon
g ot
hers
.
Thes
e la
tter
char
acte
rist
ics
were
com—
bine
d to
arri
ve a
t a
desc
ript
ion
of t
he l
and
form
for
a gi
ven
sub—
basi
n,
i.e.
,
the
inte
rpos
itio
n of
reli
ef f
acto
rs o
n so
il t
extu
re.
Thus
, la
nd f
orm
is
cons
ider
ed t
o be
the
seco
nd d
omin
ant
attr
ibut
e de
term
inin
g th
e le
vel
of d
iffu
se
pollutant load generated from a specific area. This conclusion is consistent
with the findings of technical PLUARG investigations. Task C pilot watershed
studies and Task D studies support the hypothesis that slope and soil texture
significantly affect diffuse loads and that, in particular, row cropping and
fine
-tex
ture
d so
ils
comb
ine
to p
rodu
ce t
he m
ost
seve
re c
ondi
tion
, al
l ot
her
factors equal (areas of fine—textured soils are shown for the entire Great Lakes
basi
n in
Figu
re 1
).
Ther
efor
e, f
or o
verv
iew
mode
llin
g pu
rpos
es,
the
conc
ept
was
adop
ted
that
a re
pres
enta
tive
UAL
coul
d be
assi
gned
to a
give
n su
b—ba
sin
by
identification of its predominant land use and land form characteristics; this
approach has been applied to both rural and urban areas.
A computer modelling system was designed to accommodate such an approach for
estimating diffuse source loadings of pollutants. Estimates of these loadings
are generated in overview modelling as indicated from the following sources:
Rural lands: UAL's, as determined from PLUARG pilot basins
and related studies, are applied to the Great Lakes basin
classified according to land use and land form. Land form
types are characterized by soils, physiography, drainage
characteristics and natural vegetation. Land use type is
based mainly on proportion of rowcrops, with a lesser
influence by livestock abundance.
Urban lands: UAL's, as determined from PLUARG and related
studies, are applied to all municipalities and proportions
of individual municipalities classified according to sanitary
waste system (separate sewers, combined sewers, or private
waste disposal systems). The UAL's do not include
contributions from treatment plant effluents.
Municipal
point
sources:
per
capita
loads
are
estimated
from
literature
values
and
agency
data,
and
classified
according
to
the
type
of
treatment
in
effect
at
the
municipal
plants.
Separate
industrial
point
loads
are
also
considered
but,
in
the
case
of
total
phosphorus,
these are relatively minor inputs.
The
outputs
from
municipal
point
sources
and
rural
and
urban
nonpoint
sources
are
either
contributed
to
main
stem
tributaries
or
directly
to
the
lakes.
In
the
former
case,
i.e.,
upstream
inputs,
transmission
features
of
the
river
may
be
responsible
for
some
proportion
of
the
load
being
retained
in
lakes,
reservoirs
and/or
estuaries.
This
retention
is
taken
into
account
as
data
permit.
Changes
in
land
use
and
consequent
changes
in
the
proportion
of
pollutants
generated
at
different
sources
are
based
on
population
growth
and
settlement
density.
The
growth
or
urban
areas
and
loss
in
rural
lands
are
calculated,
and
land
newly
incorporated
into
urban
areas
is
held
in
a
one—year
transient
category
for
the
purpose
of
examining
effects
of
remedial
measures
applied
to
developing lands.
Treatment
measures
are
examined
in
terms
of
their
proportionate
reduction
to
UAL's
and
costs.
The
amount
of
pollutants
potentially
removable
by
various
measures
is
of
fundamental
importance.
Costs
are
examined
in
various
ways
——
unit
(per
tonne)
costs
of
reducing
the
load
at
its
source,
unit
costs
of
reducing
the
load
delivered
to
the
lake,
as
well
as
annual
program
cost
for
a
given
lake.
Costs
for
scaled
intensity
of
remedial
effort
are
expressed
as
total
program costs
and
as
incremental
(or marginal)
costs.
One
of
the main
features
of
the
overview
model
is
its
ability
to
facilitate
the
examination
of
future
trends
in
the
effectiveness
and
costs
of
specified
pollutant
control
measures.
This
is
of
particular
import
when
evaluating
municipal
point
source
measures.
For
example,
the
transient
increase
in
population
may
decrease
the
reduction
obtainable
unless
the
degree
of
treat—
ment
is
continually
improved
to
offset
greater
generation
of
pollutants.
Much
of
the
modelling
effort
has
been
directed
toward
assembling
the
large
amount
of
information
required
to
analyze
pollutant
loads
and
their
variability
among
sources
over
time.
The
utility
of
simulation
as
a means
of
evaluating
the
effectiveness
of
various
remedial
alternatives
is
dependent
on
the
availability
of
good
information.
Further
effort
is
needed
in
both
areas;
that
is,
maintain—
ing
currently
useful
data
bases
and
refining
the
estimation
of
effectiveness
and
costs
associated with
integrated
remedial
programs.
MODEL DEVELOPMENT AND OPERATION
The computer algorithm used in this study was written in A Programming
Language
(APL) and was developed using a cascading system approach to represent
a drainage
basin
27
.
The
program
is designed
to extrapolate
demographic
trends
pand corresponding land use shifts in time and space within a given hydrologic
region.
Its utility as a management strategy assessment tool is accomplished
by means of a three step process.
 
 Th
e
fi
rs
t
st
ep
in
vo
lv
es
bu
il
di
ng
a m
at
he
ma
ti
ca
l
de
sc
ri
pt
io
n
of
a
ri
ve
r
dr
ai
na
ge
ba
si
n.
A
su
b—
wa
te
rs
he
d
in
fr
as
tr
uc
tu
re
is
ad
op
te
d
(F
ig
ure
2),
an
d
a
com
bin
ati
on
of
dem
ogr
aph
ic
and
geo
gra
phi
c
sta
tis
tic
s
for
eac
h
sec
tio
n
is
co
ll
ec
te
d
wh
ic
h
de
sc
ri
be
s
th
e
ba
se
ye
ar
co
nd
it
io
ns
.
Th
es
e
se
ct
io
ns
ar
e
ar
ra
ng
ed
in
ca
sc
ad
in
g
se
qu
en
ce
in
su
ch
a
wa
y
th
at
dr
ai
na
ge
pr
oc
ee
ds
fr
om
th
e
he
ad
wa
te
rs
,
th
ro
ug
h
a
se
ri
es
of
di
sc
re
te
en
tr
y
po
in
ts
,
to
th
e
mo
ut
h
of
th
e
ri
ve
r.
Th
is
ar
ra
ng
em
en
t
ac
co
mm
od
at
es
ur
ba
n
la
nd
ar
ea
ex
pa
ns
io
ns
at
th
e
ex
pe
ns
e
of
ad
ja
ce
nt
ru
ra
l
la
nd
and
al
lo
ws
for
th
e
ap
pl
ic
at
io
n
of
tr
an
sm
is
si
on
ch
ar
ac
te
ri
st
ic
s
exh
ibi
ted
by
a p
art
icu
lar
riv
er.
The
net
res
ult
is
a
two
dim
ens
ion
al
mat
rix
of
nu
mb
er
s
wh
ic
h
co
nt
ai
ns
in
fo
rm
at
io
n
in
bo
th
an
im
pl
ie
d
an
d
ex
pl
ic
it
for
m.
Th
e
se
co
nd
co
mp
on
en
t
in
th
e
pr
oc
es
s
is
th
e
co
ns
tr
uc
ti
on
an
d
ut
il
iz
at
io
n
of a
UAL
tabl
e fo
r a
part
icul
ar p
ollu
tant
of c
once
rn.
The
deta
ils
con—
cer
nin
g
the
dev
elo
pme
nt
of
a U
AL
tab
le
are
dis
cus
sed
in
ful
l
in
a f
oll
owi
ng
sec
tio
n.
Th
is
ta
bl
e
is
a m
at
ri
x
of
nu
mb
er
s,
ea
ch
di
sc
re
te
el
em
en
t
re
pr
es
en
ti
ng
a p
oll
uta
nt
loa
d
per
uni
t
are
a
of
lan
d
per
ann
um.
It
is
des
ign
ed
to
pro
vid
e
UA
L'
s
for
se
ct
io
ns
of
the
ri
ve
r
ba
si
n
ma
tr
ix
,
ea
ch
of
wh
ic
h
ha
s
a
pa
ir
or
nu
mb
er
s
as
so
ci
at
ed
wi
th
it.
Th
es
e
re
pr
es
en
t
a
la
nd
us
e
nu
mb
er
co
up
le
d
wi
th
a
la
nd
fo
rm
nu
mb
er
wh
ic
h
in
te
rs
ec
t
at
so
me
po
in
t
in
the
UA
L
ma
tr
ix
to
yi
el
d
a
di
sc
re
te
UAL
val
ue.
Ess
ent
ial
ly,
thi
s
is
the
com
ple
tio
n o
f
the
des
cri
pti
ve
act
ivi
ty
in
the
pro
ces
s.
The
fin
al
ste
p a
nd
int
egr
ati
ve
pha
se
of
the
mod
ell
ing
eff
ort
are
described below.
The
mat
ric
es
are
man
ipu
lat
ed
by
var
iou
s
pro
gra
m
fun
cti
ons
ite
rat
ive
ly
in
tim
e
to
pro
duc
e
ann
ual
and
pro
jec
ted
dem
ogr
aph
ic
dat
a,
lan
d u
se
dat
a,
and
pol
lut
ant
loa
d
dat
a.
The
mat
ric
es
and
fun
cti
ons
are
sub
jec
ted
to
a r
eme
dia
l
mea
sur
e
imp
lem
ent
ati
on
sce
nar
io
(di
cta
ted
by
a m
ana
gem
ent
str
ate
gy
dat
a
bas
e)
to
pro
duc
e r
edu
ced
ann
ual
loa
din
gs
of
pol
lut
ant
s a
nd
ass
oci
ate
d
imp
lem
ent
ati
on
cos
ts.
The
aﬂn
is
to
pro
duc
e
an
eva
lua
tio
n
of
(A)
the
eff
ect
ive
nes
s
of
sel
ect
ed
rem
edi
al
pro
gra
ms
on
red
uci
ng
loa
ds
to
the
lak
es
and
(B)
how
the
eff
ect
ive
nes
s
of
the
pro
gra
ms
cha
nge
s
thr
oug
h
tim
e w
ith
shi
fts
in
dem
ogr
aph
ic
and
lan
d
use
par
ame
ter
s.
A m
ore
det
ail
ed
dis
cus
sio
n
of
the
com
put
er
alg
ori
thm
is
pre
sen
ted
in
App
end
ix
C a
lon
g w
ith
sam
ple
s o
f t
he
mod
el
out
put
tab
les
.
       
  
I
.lu
    
l l
I
I
I
l‘ A A r4 1
l 1 I
_LV,__L,_ J__..
I I
INDﬁNé
+
     
Areas within which soil, land use, and hydrologic conditions result in largest
contributions of suspended sediment and phosphorus to the Great Lakes.
Potential areas(within which soil, land use, and hydrologic conditions could result in large
contributions) where land disturbing activities must be carried out with great care. There
may be problems, on a smaller scale, within these areas presently.
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 2. INFORMATION BASE
GENERAL
An extensive information base was required as input to the mathematical
algorithm. Demographic and geographic information (sewered populations;
growth rates; sub—basin boundaries; river transmission characteristics; urban
land—capture rates: separate, combined and unsewered areas; sub-basin land use
and land form; areal soil texture distributions; etc.) was derived from a
variety of sources in both the Canadian and U.S. efforts. A list of the
requisite demographic input data and appropriate information sources has been
compiled and presented in Table 1. This represents the body of information
necessary for building a matrix representative of each river basin. The river
matrix defines how the pollutant load to a lake will respond over time to changes
in population, as well as specific point and nonpoint source remedial programs.
DEVELOPMENT OF POLLUTANT UNIT AREA LOAD (UAL) TABLES
Pollutant loading data were collected and assembled from PLUARG pilot
watershed investigations, as well as numerous other studies (Table l) which
contained pertinent information on UAL's from specific Great Lakes watersheds.
Additional data were obtained from existing water quality records for monitored
upstream watersheds. This information was compiled and analyzed for the purpose
of deriving UAL estimates representative of long—term average annual pollutant
loads. This was done to accommodate the year—to-year meterologic fluctuations
and their corresponding effect on total lake loads.
Each of the candidate basins providing an empirical loading measurement was
scrutinized for the following characteristics: physiographic and soil textural
homogeneity, land use statistics and demographic data. These data were
recorded and a master list of candidates compiled presenting the basins in order
or descending UAL. Rejections were made at this stage based on two criteria.
If a candidate basin contained a population or industrial point source which
could have biased the UAL by ten percent or more, it was considered unsuitable
for further consideration. Secondly, basins were rejected if insufficiently
homogeneous in land use and land form. Clustering of data in relation to use
and form was sufficient to create UAL tables for rural diffuse sources. The
final Canadian and U.S. rural UAL tables for total phosphorus are presented in
Tables 6 and 7, respectively, while Table 8 contains the UAL matrix used in
Canada for the analysis of rural suspended solids loads to the Great Lakes.
A single UAL table was applied in both the U.S. and Canadian analyses
of total phosphorus loads from diffuse sources (Table 9). This urban UAL
 (33)
tabl
e wa
s ge
nera
ted
from
info
rmat
ion
cont
aine
d in
a te
chni
cal
note
prep
ared
for PLUARG.
Insp
ecti
on o
f Ta
ble
9 re
veal
s th
e sp
ecif
ic u
rban
diff
use
cate
gori
es d
efin
ed
in t
he c
onte
xt o
f ov
ervi
ew m
odel
ling
.
The
cate
gory
"Dev
elop
ing
Land
" re
fers
to
thos
e ru
ral
area
s wh
ich
shif
t ea
ch y
ear
into
the
urba
n ca
tego
ry t
o ac
comm
odat
e
population growth and urban expansion. It should be noted that the UAL of
susp
ende
d so
lids
from
deve
lopi
ng u
rban
area
s is
esti
mate
d to
be 2
25 m
etri
c to
ns
per km2 per year, but the UAL of total phosphorus is assumed to be a function
of the urban land use category assigned to these areas after the one year
deve
lopi
ng o
r tr
ansi
tion
peri
od.
For
exam
ple,
rura
l la
nd d
evel
opin
g du
e to
the
growth of an urban area having separate sewers and high industrial activity will
be assigned a UAL of 300 kg of total phosphorus per km2 per year over the
transition period.
Verification of UAL tables was achieved by comparing river mouth loads
predicted by the model to monitored river mouth loads for selected watersheds.
Some refinement of the rural UAL table for total phosphorus was achieved by
this procedure, but only in instances where disagreement of lake loadings at
a regional scale dictated an adjustment.
The iver mouth loads used in the Canadian verification step were calculated
by On
gley
38 f
rom t
he On
tario
Minis
try o
f the
Envir
onmen
t wa
ter q
ualit
y rec
ords.
The watersheds involved were dictated by the Ongley data base, but coverage
was adequate. A comparison of predicted and monitored loads of total phosphorus
and suspended solids from Canadian watersheds is given in Tables 2 and 5,
respectively. In Table 2, the marked difference in loadings between the two
multi—year mean columns is due, in part, to the effect of phosphorus detergent
legislation which came into effect in Ontario in 1972.
The U.S. predicted loads wefe compared with calculated loads documented in
a Task D PLUARG technical report 50 Model predictions and monitored loads of
total phosphorus from specified hydrologic units in Lakes Erie, Ontario, and
Huron are presented in Table 3.
Inspection of the data contained in Tables 2 through 5 reveals that
application of the final UAL tables (Tables 6, 7, 8 and 9) resulted in close
agreement between model estimates and monitored loads in both the U.S. and
Canadian efforts. It should be re—emphasized that the model predictions are
designed to approximate expected annual lake loads given meteorological conditions
representative of the historical average, e.g., mean annual precipitation. The
fact that the model predictions and the 1975 monitored loading data are in good
agreement would seem to indicate that 1975 meterological conditions were similar
to the historical average. Any comparison of predicted and monitored loads must
be ca
rried
out w
ith a
recog
nitio
n tha
t the
annua
l loa
d to
any g
iven
lake
is su
bject
to natural variations from year to year. However, loadings from thé various
diffuse sources may be expected to remain proportional to one another through
these fluctuations.
USE/FORM CLASSIFICATION ' UNITED STATES BASIN
In t
he U
.S.
over
view
mode
llin
g an
alys
is,
land
s dr
aini
ng t
o La
ke M
ichi
gan
and Lake Superior were not classified according to the methodology to be
TABLE 1:
WATERSHED MATRIX INFORMATION SOURCES
 
INFORMATION BASE
ITEMS
REFERENCE NUMBER IN BIBLIOGRAPHY
 
UNITED STATES
CANADA
URBAN POPULATIONS
POPULATION GROWTH RATES
LAND CAPTURE RATES
SEWERED POPULATIONS
PER CAPITA INPUTS
COMBINED SEWERED AREAS
SEPARATE SEWERED AREAS
UNIT AREA LOADS
RURAL LAND USES
URBAN LAND USES
LAND FORM INFORMATION
TRANSMISSION VALUES
EXISTING TREATMENT DATA
3, 8, 57, 58 44
8, 57 39, 44, 48, 55, 63
8, 55, 57 48, 55, 63
24, 56, 59 37
3, 5, 7, 13, 15, 17, 23 23, 37
2, 3, 59 1
2, 3, 58 1
18, 19, 32, 33
50, 51, 60, 61
4, 11, 14, 22, 26,
32, 33, 38, 43, 46
16, 20, 21, 36
4, 14, 22, 29, 53
 
 
19, 57 1, 29
51 2, 6, 49, 62
4, 5 2§L>4O, 42
3, 5, 7, 132 17) 23 37
 
 TABLE 2 :
FOR SELECTED CANADIAN WATERSHEDS
SUMMARY BY MAJOR BASIN
OF MONITORED AND PREDICTED TOTAL PHOSPHORUS LOADS (TONNES)
  
1975 MODEL 1975 '68—'76 MEAN '72—'76 MEAN
MAJOR BASIN MINOR BASIN PREDICTION MOE DATA MOE DATA MOE DATA
Lake Erie St. Clair 292.1 555.7 592.5 814.9
Western 82.2 43.2 53.8 59.1
Central 127.5 338.6 108.9 222.0
Eastern 375.7 296.5 1,284.3 590.4
TOTAL 1,377.5 1,234.0 2,039.5 1,686.4
Lake Ontario Western 370.5 293.5 769.1 368.3
Central 97.4 83.7 160.1 85.2
Kingston 225.5 221.3 390.7 307.0
St. Lawrence 25.0 123.9 39.1 110.3
TOTAL 718.4 722.4 1,359.0 870.8
Georgian Bay TOTAL 236.1 182.9 171.4 237.1
Lake Huron TOTAL 382.3 328.0 345.5 334.3
T O T A L 2,714.3 2,467.3 3,915.4 3,127.6
1In cases where a 1975 mean was not available, preferably the 1972-76 multi—year
mean was substituted, otherwise the 1968-71 multi-year mean was substituted.
10-
TABLE 3:
SUMMARY BY MAJOR BASIN
0F MONITORED AND PREDICTED TOTAL PHOSPHORUS LOAD (TONNES)
FOR SELECTED U.S. RIVER BASIN GROUPSa ‘
   
1975 MODEL 1975 TASK D '75—'76 TASK D
MAJOR BASIN RIVER BASIN GROUP PREDICTION PLUARG DATAb PLUARG DATA
Lake Erie 4.1 7,207 6,704 *
4.2 3,972 4,171 *
4.3 3,085 3,108 *
4.4 2,170C 2,145C *
Total 16,434 16,128 8
Lake Huron 3.1 431 268 265
3.2 1,773 1,496 1,617
Total 2,204 1,764 1,882
Lake Ontario 5.1 829C 1,162C 1,302
5.2 870 670 956
5.3 176d 225d 378d
Total 1,875 2,057 2,636
a (50)
Total load
as given in (so)
1976 monitoring data not available.
11—
Specific watersheds included in each River Basin Group defined in
plus direct point source load.
Load from portion of hydrologic area 4.4.3 (Tonawanda complex)
actually discharges to Lake Ontario.
Does not include load from hydrologic areas 5.3.3 and 5.3.4
which discharges to St. Lawrence River
MAJOR BASIN
Lake Erie
Lake Huron
Lake Ontario
TOTAL
TABLE 4:
OF MONITORED AND PREDICTED TOTAL PHOSPHORUS LOAD (TONNES)
FOR SELECTED WATERSHEDS
(U.S. AND CANADIAN COMBINED DATA)
SUMMARY BY MAJOR BASIN
1975 MODEL
PREDICTION
17812
2822
2593
23227
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1976 MONITORED
LOAD
17362
2275
2779
22416
TABLE 5 : SUMMARY BY MAJOR BASIN
OF MONITORED AND PREDICTED SUSPENDED SOLIDS LOAD (TONNES)
FOR SELECTED CANADIAN WATERSHEDS
 
1975 MODEL 1975
MAJOR BASIN MINOR BASIN PREDICTION MOE DATA
Lake Erie St. Clair 243,445.4 139,545.3
Western 32,619.4 13,922.4
Central 42,401.l ll6,508.7
Eastern 92,213.4 1492599.4
TOTAL 410,684.3 419,575.8
Lake Ontario Western 108,815.7 90,559.0
Central 19,102.2 18,759.0
Kingston 50,042.2 58,433.4
St. Lawrence 10,071.3 4,618.5
TOTAL 188,031.4 172,369.9
Georgian Bay TOTAL 72,945.1 81,923.1
Lake Huron TOTAL 12é2486.2 1332193.3
T O
T A
L
796
,14
7.0
807
,06
2.1
'68—'76
MOE MEANS
259,26l.6
16,218.0
71,896.4
168,930.3
516,306.3
113,650.8
18,474.5
60,514.3
4,618.5
l97,258.l
52,939.3
109:703.6
876,207.3
1In
cas
es
whe
re
a 1
975
mea
n w
as
not
ava
ila
ble
, t
he
196
8—7
6 m
ult
i—y
ear
mea
n w
as
substituted.
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(KG/KMz/YR)
FORM
FINE TEXTURED
MEDIUM TEXTURED
COARSE TEXTURED MISCL. TYPES
1|
2|
3|
[II
5|
6'
7.
USE
LEVEL
SLOPING
LEVEL
SLOPING
LEVEL
SLOPING
>502 RONCROPS
87
Low ANIMAL DENS.
150
X
63
X
23
X
(SAND 0N
CLAY)
2
>*SOZ ROWCROPS
' MED ANIMAL DENS.
X
X
X
X
27
X
X
25-50% ROWCROPS
MED ANIMAL DENS.
58
69
25
36
15
19
X
~
{
-
1
4
_
25-50% ROWCROPS
70
4' HI ANIMAL DENs.
6Q
79
30
44
20
27
(SAND 0N
CLA
V)
5
<25Z ROWCROPS
45
' MED ANIMAL DENS.
35
42
10
15
10
12
(SAND 0?
CLAY
<
2
5
Z
ROWCROPS
HI ANIMAL DENs.
40
51
1Q
20
14
16
X
T
7.
:>60% FOREST
20
20
10
10
10
10
9
(
S
H
I
E
L
D
)
       
 TABIE 7: TOTAL PHOSPHORUS UNIT LOAD BY LAND USE AND LAND FORM<IN U.S.A.)
  
(KG/KMZ/YR)
FORM FIVE TEXTUEE MEDIUM TEXTERED chRSE TEXEDRED
USE LEVEL SLOPXNG LEVEL SLOPING LEVEL SLOPING
1 PLOWED FIELDS 106 125 87 87 23 63
2.6RASSLAND 23 23 10 10 10 10
3-DAIRY 40 63 23 23 10 10
(PASTURE)
A-BRUSH 23 23 23 23 23 23
5-0RCHARD/ 125 125 125 125 125 125
TRUCK CROPS
6-FOREST 10 10 10 10 10 10
7-WETLANDS 0 0 0 0 0 0
B-MISCELLANEOJS 250 200 150 100 50 25
l
       
aVALUES DO NOT CONFORM TO LAND FORM HEADING DESCRIPTIONS. RATHER'THEY
ARE USED FOR SPECIAL CASES OF DOCUMENTED EVIDENCE OF EXISTING UNIT
AREA LOADS IN SPECIFIC AREAS.
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:8USPEN
DED SOL
IDS UNI
T LOAD
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USE AND
LAND FO
RM (IN
CANADA)
(TUNNES/KMZ/YR)
FORM
US
E
FINE TEXTURED
MEDIUM TEXTURED
COARSE TEXTURED
MISCL. TYPES
l. 2. 3. 4. 5. 6. 7.
LEVEL SLOPING
LEVEL SLOPING
LEVEL SLOPING
>502 RONCROPS
Low ANI
MAL DEN
S.
> 502 ROWCROPS
MED ANI
MAL DEN
S.
25—50% ROHCROPS
MED
ANIM
AL D
ENS.
25—50% ROWCROPS
HI A
NIMA
L DE
NS.
< 25% R
OWCROPS
MED
ANIM
AL D
ENS.
<252 ROWCROPS
HI A
NIMA
L DE
NS.
>602 FOREST
 
4
1
60
X
25
X
11
X
(SAND 0N C
LAY)
25
30
5
8
5
6
X
33
25
30
5
(SAND 0N C
LAY)
2
1
18
23
3.5
u
2.5
3
(SAND 0
N CLAY)
18
23
3.5
4
4
4
2
2
2
2
2
(S
HI
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D)
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URBAN
LAND
UNIT
AREA
LOADS
FOR TOTAL PHOSPHORUS AND SUSPENDED SOLIDS
PARAMETER
TP
SS
LAND USE
(KG/KMZ/YR)
(T0NNES/KM2/YR)
 
AREAS OF COMBINED
HI INDUSTRY
1100
72.6
SEWER SYSTEMS
MED INDUSTRY
1000
74.3
Low INDUSTRY
900
75.9
 
-
1
7
-
AREAS OF SEPARATED
HI INDUSTRY
300
66.0
SEWER SYSTEMS
MED INDUSTRY
250
52.3
Low INDUSTRY
125
38.5
UNSEWERED AREAS
125
38.5
AREAS OF TOWNS
1000 - 10000 POPULATION
250
52.3
  
a
FOR DEVELOPING
URBAN
LAND AN AGGRAVATED
UNIT AREA
LOAD APPLIES
(FOR
SUSPENDED
SOLIDS 225T/KM2/YR
WAS
USED
FOR
ALL
LAND
USES,
HOWEVER
FOR
PHOSPHORUS
A
SIMPLE
MULTIPLE
OF
THE
VALUES
AS
THEY
APPEAR
ABOVE
WAS
EMPLOYED)
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Additionally, some of the medium—textured soils in these regions are underlaid
by clay; this condition also leads to actual UAL's in excess of those normally
expected through direct application of the UAL tables. Thus, during the process
of model calibration, it was necessary to assign higher UAL's to sub—basins
within these unique river basins, e.g., the Cuyahoga RiVer, in order to obtain
a reasonable fit with measured loads.
In view of the previous discussion, this
procedure was justified and provided a more realistic representation of these
unique conditions.
Finally, because of the high UAL's of total phosphorus associated with
areas characterizad by plowed fields and fine-textured soils, the distribution of
this land use/land form combination in the U.S. portion of the Great Lakes basin
was examined.
Soil types considered as fine-textured are presented in Appendix
B. The regions containing the highest concentration of plowed fieldson fine—
textured soils are located in the western portion of the Lake Erie basin. The
Maumee, Portage and Sandusky river basins each contain large acreages of this
land use/land form classification, with over 55 percent of the area comprised of
plowed fields and approximately 50 percent of the soils predominantly clay.
The only extensive concentrations of plowed fields on fine-textured soil in
the Lake Huron basin are located in the Saginaw Bay region. Up to 50 percent of
the land contained within sub—basins draining into Saginaw Bay is classified as
plowed field, and this same area contains virtually all of the fine—textured
soils present in the U.S. portion of the Lake Huron basin. Lake Ontario, on the
other hand, has only a small percentage of its U.S. land drainage categorized
as plowed fields, and only the Perch River basin containsa significant percentage
of fine-textured soils.
USE/FORM CLASSIFICATION ' CANADIAN BASIN
The land use/land form classification of rural land in the Ontario section
of the Great Lakes drainage basin excluded land draining to the North Channel,
Lake Superior, and Georgian Bay north of the Severn River. The land adjacent and
draining into the St. Lawrence River from Kingston to Cornwall was included.
Figures 3a, 4a and 5a clearly indicate the region considered within the context
of the Canadian overview modelling analysis.
In order to provide some insight into the distribution of various agricultural
lands and clay soil within the Canadian portion of the Great Lakes basin, those
acreages of agricultural land having a significant amount of row crop production
on clay soils were identified. Clays, both lacustrine and till plains, which are
heavily row cropped are most abundant in the Lake Erie basin. More than 50 percent
of the soils there are fine-textured clays and about half of this area contains 60
to 85 percent row crops, e.g., corn, soybeans, etc. Only a small portion (three
percent) of the Lake Huron basin contains agricultural land with greater than 50
percent row crops grown on fine-textured soils. Lake Ontario has no significant
acreage at all of this classification.
Clays which are moderately row cropped, i.e., 25 to 50 percent of the land in
.row crop production, are common in the southern Lake Huron and Lake Erie basins
(about 10 percent in each). Less than one percent of the land in the Lake
Ontario basin is characterized by moderate row cropping.
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 Tabl
e 10
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e sou
rce
and (
B) an
nual
cost
. F
or r
emed
ial
prog
rams
appl
ied
to m
unic
ipal
poin
t so
urce
s,
the
cost
is
exp
res
sed
as
dol
lar
s s
pen
t p
er
ann
um
per
1,0
00
per
son
s s
erve
d b
y t
he
tre
atm
ent
plan
t.
In t
he c
ase
of r
emed
ial
prog
rams
appl
ied
to b
oth
rura
l an
d ur
ban
diff
use
sour
ces,
the
cost
is e
xpre
ssed
as d
olla
rs s
pent
per
annu
m pe
r km
2 of
area
with
in
which the treatment is applied.
Remedial measures were developed for incrementally higher levels of total
phosphorus reduction (at increasing total and marginal costs) from the following
point and nonpoint sources:
1.
eff
lue
nts
fro
m m
uni
cip
al
sew
age
tre
atm
ent
pla
nts
, c
ons
ide
red
at three levels of effort — ambient to 1.0 ppm total phosphorus,
1.0 ppm to 0.5, and 0.5 to 0.3 ppm.
2. urban runoff, considered at two levels of effort — reduction
of pollutants and stormwater at source at the first level;
the aforementioned plus detention and sedimentation of
stormwater at the second level.
3. rural runoff, considered at three levels of effort (which
vary in actual measures applied) — approximately 10%, 25%
and 40%reduction in total phosphorus lost in runoff of
sediment.
Although the specific programs for controlling total phosphorus loads
from the above sources are similar for both the United States and Canada, there
are some differences in the way the remedial measures data are applied in the
U.S. and Canadian analyses. The results, however, are expected to be sufficiently
comparable at this stage. Detailed comparisons will be needed at later stages
of planning.
A. Municipal Treatment Plants:
 
Total phosphorus loads to a receiving water from a given treatment plant
are a function of the sewered population, the per capita input of total phosphorus
(kg/person/yr) and the treatment efficinecy of the plant. In evaluating the
effectiveness of a remedial program for reducing such loads, input data must
be provided as to the percent of the load removed at the plant source and the
cost per year to achieve this removal expressed as dollars spent per 1,000 people
served. As part of the Water Quality Agreement of 1972, U.S. and Canadian
treatment plants greater than 1 MGD capacity are committed to achieving 1 ppm
resi
dual
tota
l ph
osph
orus
conc
entr
atio
ns i
n ef
flue
nts
to L
ake
Erie
and
Lake
Onta
rio.
For
this
stud
y an
inte
nsif
ied
reme
dial
prog
ram
was
eval
uate
d wh
ich
assu
med
com—
pliance with a 0.5 ppm effluent standard for residual total phosphorus in
effl
uent
s to
Lake
s Er
ie a
nd O
ntar
io b
y th
e ye
ar 1
980.
The
redu
ctio
n ob
tain
able
was
calc
ulat
ed o
n th
e as
sump
tion
that
all
trea
tmen
t pl
ants
woul
d ha
ve m
et
the
1 pp
m ef
flue
nt "
obje
ctiv
e".
Phos
phor
us c
ontr
ol a
t tr
eatm
ent
plan
ts d
isch
argi
ng
to Lake Huron and its tributaries, which are not presently committed by Agreement
to a 1 ppm effluent standard, was examined with reference to the existing treat-
ment
leve
ls f
or t
wo i
ncre
ment
al l
evel
s of
cont
rol:
1.0
ppm
and
0.5
ppm
resi
dual
total phosphorus concentration.
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As shown in Table 10, the general information base for assessing the point
source management scenarios was derived from several sources in both the U.S.
and Canada.
However,
the primary source of cost information used in the eval—
uation dispoint source remedial programs was the 1977 Research Advisory Board
report.
The
consequent
cumulative
costs associated
with
each residual
effluent
concentration are
shown
in Table
11.
B. Urban Programs:
Remedial
programs
applied
to
reduce
phosphorus
loads
from
established
urban
areas
are
specified
by
type
of
services,
i.e.,
unsewered
(private
systems),
sanitary and storm sewers separated,.and combined systems for towns of 10,000
people
or more.
In addition,
remedial
programs
on
sewered
areas within
towns
greater
than
10,000 population were
further
delineated
on the basis
of intensity
of industrial development.
Thus, a specific urban diffuse pollutant control
strategy indicates the effectiveness and costs which may be expected from a specific
mix of sewage services and industrial activity.
For towns having populations
between 1,000 and 10,000,
the UAL applied coincides with that of towns characterized
by medium industry and separate sewers.
Information on urban diffuse remedial programs was developed for PLUARG which
incorporated information from a number of recent studies as indicated in Table
10.
Both U.S. and Canadian remedial programs for reducing diffuse total phosphorus
loads in established urban areas were evaluated on the basis of this probable cost
and load reduction information.
The percent load reductions and costs for each
level of effort are given in Table 11.
PLUARG recommended that developing land, in most regions and under most
circumstances, should have sediment control programs. Using information generated
by the previous modelling procedures — namely urban land use projections as
presented in Table 12 -— combined with management information specific to develop—
ing land sites 31 , a crude estimate was derived of costs associated with remedial
measures on developing land in the drainage basins of Lakes Erie and Ontario.
C. Rural Program 2
Remedial programs on agricultural land are defined by a percent reduction
in the UAL and an associated annual treatment cost per km of land on which the
treatment is applied. Due to minor but necessary differences between U.S.
and Canadian methods of applying and evaluating rural remedial measures within
the model framework, input data on percent UAL reductions and costs for the rural
remedial programs were derived separately.
The same principle of considering remedial programs of varying intensity
or levels of effort as was used in the analysis of urban diffuse loads is also
used in the case of controlling diffuse loads from rural areas. The first level
in the rural remedial program consists of various sound management (or good
stewardship) measures to be applied on all agricultural lands. A detailed
description of these measures is presented below. It is assumed that approximately
a 10 percent reduction in the diffuse total phosphorus load is obtained at
minimal cost per kmz.
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clay
soils
with
plowed
fields
in
order
to
obtain
total
costs
and
load
reductions.
The
cost
per
land
area
treated
would
be
less
if
a
less
specific
land
classification
4
were
considered;
i.e.,
if
the
total
area
of
those
rural
sub—basins
identified
as
being
appropriate
for
treatment
were
considered,
the
average
cost
per
hectare
would
be
reduced.
In
other
words,
the
cost
for
treating
a
regional
area
with
g
a
mix
of
land
characteristics
would
be
less
per
unit
area
than
treating
only
:
those
specific
areas
thought
to
require
treatment,
although
the
cost
per
tonne
removed
would
be
the
same
in either
case.
I
Level 2 treatment is believed to be roughly comparable to "best management
practices"
often
considered
on the U.S.
side.
As
in all
types
of
nonpoint
j
source treatment,
the measures and costs for treatment for any land area can
be highly variable and the costs and reductions estimated here can only be
considered
order of
magnitude
average
estimates.
The U.S. Level 3 program includes Level 1 and Level 2 treatment plus:
é
Increased Crop Cover, Conservation
$12.50/ha
é
Tillage and Strip Cropping
;
Spring Instead of Fall Plowing
$ 2.50/ha
i
Pasture Establishment/Management
$125.00/ha
I
Critical Area Protection >$125.00/ha
Improved Drainage $15.00 to $125.00/ha
Gradient Terracing $ 2.50 to $ 70.00/ha
Grassed Waterways $ 2.50 to $ 3.75/ha
Based on the above gross cost figures and information derived from
Canadian Level 3 treatment, it was estimated that an additional 15 percent
total phosphorus removal can be obtained over Level 2 treatment at an
additional cost of roughly $40/ha (total removal 40%; total cost ZﬁSS/ha).
Again, this average cost is to be applied specifically to the U.S. classi—
fication of land containing fine loam or clay soils with plowed fields in
order to obtain total costs. Note that the relative increase in costs for
Level 3 treatment is significantly higher (about four tﬂnes) than the resulting
increase in total phosphorus reduction obtained. This is consistent with the
fact that, as the diffuse load is reduced, it becomes more difficult and
expensive to gain additional marginal (incremental) phosphorus removals
(analogous to increasing marginal costs associated with more stringent
municipal effluent phosphorus controls).
  
  
 
TABLE 10:
REMEDIAL PROGRAM INFORMATION SOURCES
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AND
IN
FO
RM
AT
IO
N
TYP
E
UN
IT
ED
ST
AT
ES
CA
NA
DA
MUNICIPAL TREATMENT PLANT
EFFLUENTS
A)
COS
T/1
000
PEO
PLE
OF
9,2
5
9,2
5
ACHIEVING RESIDUAL CONCEN-
TRATIONS 0F 1, .5, AND .3 PPM
URBAN AREA DIFFUSE LOADING
A) ANNUAL COSTS/KM2
B) Z REDUCTION IN UAL
RURAL AREA DIFFUSE LOADINGS
A) ANNUAL COSTS/KM2
B) % REDUCTION IN UAL
 
l, 12, 30, 31 l, 12, 30, 31
52 4
 
3
7
-
TABLE 11: MANAGEMENT STRATEGY DATA FOR INPUT
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c First level treatment is an extensive streetsweeping programplus mgusufes to reduce flow.
d Sevund level treatment includes detention/sedimentation of overflows and stormwnter
from existing waste water treatment facilities and construvtion of detention/sedimentation
systems for the newly developing areas.
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a
only urban
areas within regions considered (as delineated by Figures 3a through to SE)
  
 3. OVERVIEW MODELLING OUTPUT
Fig
ure
s
6,
7 a
nd
8 i
llu
str
ate
the
mod
ell
ing
res
ult
s
gen
era
ted
for
eac
h
lak
e
and
pol
lut
ant
sou
rce
cat
ego
ry.
The
ini
tia
l o
ver
vie
w m
ode
lli
ng
dat
a
bas
e
was
rep
res
ent
ati
ve
of
197
5
con
dit
ion
s.
Hen
ce
the
fig
ure
s
and
dis
cus
sio
n
in
thi
s
re
po
rt
us
e
19
75
as
th
e
da
tu
m
yea
r.
Al
th
ou
gh
19
76
was
us
ed
as
th
e
ba
se
ye
ar
in
th
e
PL
UA
RG
fi
na
l
re
po
rt
“5
,
th
e
re
su
lt
s
ar
e
co
mp
ar
ab
le
si
nc
e
th
e
di
ff
er
en
ce
in
lo
ad
s
be
tw
ee
n
ye
ar
s
is
le
ss
th
an
the
po
ss
ib
le
er
ro
r
in
es
ti
ma
te
s.
Th
er
e
ar
e
two
co
pi
es
of
pr
oj
ec
ti
on
s
in
cl
ud
ed
for
ea
ch
la
ke
—s
ou
rc
e
fi
gur
e.
Th
e
fi
rs
t
ty
pe
is
a
tw
en
ty
—f
iv
e
ye
ar
"s
ta
tu
s
qu
o"
pr
oj
ec
ti
on
an
d
is
th
e
up
pe
rm
os
t
so
li
d
li
ne
on
al
l
gr
ap
hs
.
Th
es
e
de
pi
ct
th
e
be
ha
vi
ou
r
of
th
e
la
ke
lo
ad
fr
om
th
e
so
ur
ce
if
no
tr
ea
tm
en
t
me
as
ur
es
we
re
im
pl
em
en
te
d
un
de
r
te
rm
s
of
th
e
Ag
re
em
en
t
be
tw
ee
n
th
e
en
d
of
19
75
an
d
th
e
ye
ar
20
00
.
Th
e
pr
oj
ec
te
d
st
at
us
qu
o
cu
rv
e
fo
r
mu
ni
ci
pa
l
po
in
t
so
ur
ce
s
ha
s
an
as
so
ci
at
ed
an
nu
al
co
st
of
$1
1
mi
ll
io
n.
Th
is
co
st
re
fl
ec
ts
th
e
am
ou
nt
be
in
g
sp
en
t
on
19
75
ph
os
ph
or
us
co
nt
ro
l
pr
og
ra
ms
ad
ju
st
ed
to
th
e
19
80
po
pu
la
ti
on
se
rv
ed
by
th
es
e
fa
ci
li
ti
es
.
No
19
80
co
st
s
ar
e
sh
ow
n
fo
r
th
e
st
at
us
qu
o
cu
rv
es
re
pr
es
en
ti
ng
ur
ba
n
an
d
ru
ra
l
di
ff
us
e
in
pu
ts
,
as
it
wa
s
as
su
me
d
no
co
nt
ro
l
me
as
ur
es
we
re
in
ef
fe
ct
as
of
19
75
.
Th
e
se
co
nd
ty
pe
of
pr
oj
ec
ti
on
pr
es
en
t
in
ea
ch
fi
gu
re
is
th
e
cu
rv
e
sh
ow
in
g
th
e
tr
en
d
in
lo
ad
s
th
ro
ug
h
ti
me
ar
is
in
g
fr
om
th
e
im
pl
em
en
ta
ti
on
of
re
me
di
al
ac
ti
on
pr
og
ra
ms
in
19
80
fo
r
ur
ba
n
no
np
oi
nt
an
d
ur
ba
n
po
in
t
so
ur
ce
s,
an
d
ov
er
th
e
fi
ve
—
ye
ar
pe
ri
od
19
80
-1
98
5
(p
ha
se
—i
n-
pe
ri
od
)
fo
r
ru
ra
l
di
ff
us
e
so
ur
ce
s.
Th
e
pr
oj
ec
te
d
19
80
co
st
s
fo
r
ea
ch
ph
os
ph
or
us
po
ll
ut
io
n
ab
at
em
en
t
pr
og
ra
m
(o
ut
li
ne
d
in
Ta
bl
es
13
a,
13
b,
an
d
13
c)
ar
e
sh
ow
n.
Co
st
—e
ff
ec
ti
ve
ne
ss
,
in
te
rm
s
of
do
ll
ar
s
sp
en
t
pe
r
me
tr
ic
to
n
re
du
ct
io
n
of
la
ke
lo
ad
,
va
ri
es
co
ns
id
er
ab
ly
am
on
g
me
as
ur
es
,
bu
t
on
ly
sl
ig
ht
ly
am
on
g
la
ke
s.
Wo
rk
is
be
in
g
co
nt
in
ue
d
on
th
e
ev
al
ua
ti
on
of
su
sp
en
de
d
so
li
ds
re
du
ct
io
ns
wh
ic
h
ma
y
be
re
al
iz
ed
as
a
di
re
ct
re
su
lt
of
th
es
e
ph
os
ph
or
us
-
se
di
me
nt
re
du
ct
io
n
pr
og
ra
ms
.
Re
su
lt
s
of
pr
el
im
in
ar
y
wo
rk
ap
pe
ar
in
Ta
bl
es
14
a,
14b, and 14c.
An
ot
he
r
is
su
e
wh
ic
h
wa
s
ex
am
in
ed
us
in
g
th
e
ur
ba
n
la
nd
pr
oj
ec
ti
on
s
co
nt
ai
ne
d
in
Ta
bl
e
12
wa
s
th
e
co
nt
ro
l
of
se
di
me
nt
on
de
ve
lo
pi
ng
la
nd
th
ro
ug
h
er
os
io
n
co
nt
ro
l
pr
ac
ti
ce
s.
Ro
ug
h
es
ti
ma
te
s
of
co
st
s
an
d
ef
fe
ct
iv
en
es
s
ha
ve
be
en
ma
de
fo
r
La
ke
s
Er
ie
an
d
On
ta
ri
o.
Ov
er
th
e
pe
ri
od
fr
om
19
75
—2
00
0,
ap
pr
ox
im
at
el
y
8,
00
0
he
ct
ar
es
of
la
nd
ar
e
ex
pe
ct
ed
to
be
de
ve
lo
pe
d
an
nu
al
ly
in
th
e
La
ke
Er
ie
ba
si
n,
an
d
4,
50
0
he
ct
ar
es
in
th
e
La
ke
On
ta
ri
o
ba
si
n.
Co
st
s
fo
r
re
ta
rd
in
g
er
os
io
n
in
th
es
e
ar
ea
s
m
a
y
am
ou
nt
to
$2
,0
00
pe
r
he
ct
ar
e
fo
r
se
ed
in
g,
mu
lc
hi
ng
,
an
d
ot
he
r
m
e
a
su
r
es
of
v
a
l
u
e
.
U
n
d
e
r
t
h
e
a
b
o
v
e
a
s
s
u
m
p
t
i
o
n
s
,
th
e
a
n
n
u
a
l
co
st
of
i
m
p
l
e
m
e
n
t
i
n
g
r
e
m
e
d
i
a
l
co
nt
ro
ls
on
de
ve
lo
pi
ng
la
nd
in
th
e
La
ke
s
Er
ie
an
d
On
ta
ri
o
ba
si
ns
is
$2
5
m
i
l
l
i
o
n
per year.
_ 39 _
.
—
 
 (a) MUNICIPAL POINT SOURCES
  
   
 
  
  
     
10570 ,
1,
(7) 1975 EXISTING CONDITIONS PROJECTION
LZUGVOOOL g IOppm RESIDUAL CONCENTRATION.
g 5/ 05ppm RESIDUAL CONCENTRATION
: q 4/ O3ppm RESIDUAL CONCENTRATION.
a,
19
00
CO
ST
82
40
M
36
35
Z
. l 2000
2.000% 1980 COST $34.5 M L
f 1595 1980 COST 395.5 M 1205 7/
TIME (YEARS)
FIGURE 6:
TOTAL PHOSPHORUS LOADINGS:
LEVELS AND TRENDS IN
RESPONSE TO REMEDIAL
PROGRAMS FOR LAKE ERIE
_ 40 _
(b) URBAN DIFFUSE SOURCES
   
  
  
       
 
3325 ,\
J)
I 2990
3000 « 1975 LOAD LEVEL 2925_T_ONNES_ ___
2750 ,
\2)
5T 5 36 5 M
2125 f
2000 71;
(7) 1
lg 1865
Z
O
c
D
<(
O
_J
‘ /1/, 1975 EXISTING CONDITIONS PROJECTION
10004; "2, REDUCTION AT SOURCE
3] DETENTION/SEDIMENTATION PLUS "21
I
OL'***' ' T A "T7 if 7‘ 7" 7*'—‘1
1975
1980
2000
I
I
TIME (YEARS)
(C) RURAL DIFFUSE SOURCES
I
60001 I975 LOAD LEVEL 5700 TONNES ___
" " 5575 ®
1
9
8
5
C
O
S
T
M
I
N
I
I 5330 19 MAL 5‘55 ®
9‘
85
COST 3; 22.5 M
4850
I 4980 ©
1
1985 COST 3 75.5 M
4570
I 4675 @
I
4,000«i
a 1
LE .
5 ’1) 1975 EXISTING CONDITIONS PROJECTION
’3 a :2) BEST STEWARDSHIP ON ALL AGRICULTURAL
2 LAND (56.000 km?)
9 is) MEASURE (25% REMEDIAL) ON 28,000 km? PLUS (2)
313 MEASURE (40% REMEDIALION 28,000 km2 PLUS (2)
2,000
0 . 1 ﬂ
1975
1985
2000
TIME (YEARS)
 (a) MUNICIPAL POINT SOURCES
L
O
A
D
(
T
O
N
N
E
S
)
   
 
    
   
J)
600
555
________-______l%7§_LQ/39_L§y§|;_§4_0_ IQNNES---_
JD 1975 EXISTING CONDITIONS PROJECTION
(2) 10 ppm RESIDUAL CONCENTRATION
4004 ® 0.5 ppm RESIDUAL CONCENTRATION.
315 A
1 ®
200 «
150 A
19
80
CO
ST
$
95
M
g
130
0 , I
1975 1980 2000
TIME (YEARS)
FIGURE 7:
TOTAL PHOSPHORUS LOADINGS:
LEVELS AND TRENDS IN
RESPONSE TO REMEDIAL
PROGRAMS FOR LAKE HURON
AND GEORGIAN BAY
 
(b) URBAN DIFFUSE SOURCES
L
O
A
D
(
T
O
N
N
E
S
)
(C)
L
O
A
D
(
T
O
N
N
E
S
)
 
  
   
645 ,,
L‘
600 _ _ _ _ _ _ _ _ _ _ - _ __ 397.5.E950. _L_E_V_E_L-§§Z5. I9NN§§ _ _
525 A»
1980 COST 580 M g
395 A
1980 C05 ‘33)
200 4
I
/
Q
J
M
I
/
T
‘
)
197
1
RURAL DIFFUSE SOURCES
  
365
1975 EXISTING CONDITIONS PROJECTION
REDUCTION AT SOURCE
DETENTION/SEDIMENTATION PLUS '2,
2000
TIME (YEARS)
 
3.0001‘
I
J
I
I
I,
20001 1975 LOAD LEVEL 1880 TONNES 3‘
.J,
I
T
I
(D
1975
EXISTING
CONDITIONS
PROJECTION
I
00
‘
(2)
BEST
STEWARDSHIP
ON
ALL
AGRICULTURAL
LAND
(29.300km‘)
10
@
MEASURES
(257: REMEDIAL)
ON
131750
km?
PLUS
:2)
‘
0
1
I
I
1975 1985 2000
TIME (YEARS)
  
(a
)
I
w
U
M
C
E
A
L
R
m
N
T
S
O
U
R
C
E
S
(
b
)
U
R
B
A
N
D
F
F
U
S
E
S
O
U
R
C
E
S
 
  
  
  
  
  
  
  
 
80001
I
1.5
007
145
0
I
70
00
O
I
/
'
I
I , N\
I
0
0
8
%
$
6 0
00
71‘
I9
80
2
I
I
‘ _
__
__
__
__
55.
8.0
- _
_ 1
87
;-
qu
SL_
E_V
_EA
L_§
;2§
ST_
QUN
_E§
__
_
1
10
00
P
I
Q
I
:9
I
J
197
5
EX
IS
TI
NG
CO
ND
IT
IO
NS
PR
OJ
EC
TI
ON
Z
E")
OI
2
10
me
RE
SI
DU
AL
CO
NC
EN
TR
AT
IO
N
é
:
40
0
3
0
5
0
m
RE
SI
DU
AL
CO
NC
EN
TR
AT
IO
N
-
80
0
I
E“
4
03
1m
m
RES
IDU
AL
CON
CEN
TRA
TIO
N
3
9
I
9
I‘
27
20
\
‘
T
8‘
60
2
1\
19
75
EX
IS
TI
NG
CO
ND
IT
IO
NS
PR
OJ
EC
TI
ON
I
19
80
CO
S
50
0
x
\2 REDUCTION AT SOURCE
2 0
004
'
3
DE
TE
NT
IO
N/
SE
DI
ME
NT
AT
IO
N
PL
US
(2)
1400
\
19
80
C
O
S
T
S
23
5
$3
1040 \
1
9
8
0
C
O
S
T
$
5
9
0
5
8
4
5
I
I
0
0
P
I
197
5
19
80
20
00
197
5
19
80
20
00
TI
ME
IY
EA
RS
I
TI
ME
IY
EA
RS
I
(C
)
R
U
R
A
L
D
F
F
U
S
E
S
O
U
R
C
E
S
1200 1975 LOAD LEVEL 1165 TONNES
   
 
  
11
10
n
1095 Q»
F
I
G
U
R
E
8:
‘
0
1060 1985 COST 3 3 O M 1050 ©
1985 COST MINIMAL
T
O
T
A
L
P
H
O
S
P
H
O
R
U
S
L
O
A
D
I
N
G
S
:
I
L
E
V
E
L
S
A
N
D
T
R
E
N
D
S
I
N
 
R
E
S
P
O
N
S
E
T
O
R
E
M
E
D
I
A
L
g
5
(\D
197
5
EX
IS
TI
NG
CO
ND
IT
IO
NS
PR
OJ
EC
TI
ON
’3
02/
BE
ST
ST
EW
AR
DS
HI
P
ON
AL
L
AG
RI
CU
LT
UR
AL
2 LAND (27.600 km?)
9
(3
ME
AS
UR
ES
12
5x
RE
ME
DI
AL
I O
N
84
50
km
?
PL
US
®
400R
0
,
.
1975 1885 2000
TIME (YEARS)
 
-42-
_a
TABLE 13A: PHOSPHORUS REDUCTION ALTERNATIVES APPLICABLE TO LAKE ERIE
i
Estimated
Annual Incre—
   
Est
ima
ted
ESC
iTa
tid
men
tal
Cos
t
Incremental FEE: :grv: Estimated Estimated Effectiveness
Phosphorus p ub Incremental CumUlatiVe ($ thousand/
Reduction Reduction Annual Cost Annual Cost metric ton
Remedial Measure Options (metric tons) (metric tons) ($ million) (3 million) reduction)
i URBAN POINT SOURCES:
F
E Reduction of municipal
; sewage treatment plant
‘ effluent concentrations:
E
a) 1
.0 m
g/L
to 0
.5 m
g/L
U.S.
1180
6330
9.0
31.0
i
Cana
da
125
355
1.5
3.5
TOTAL 1305 6685 10.5 34.5 8.0
b) 0
.5 m
g/L
to 0
.3 m
g/L
U.S.
580
6910
54.5
85.5
Canada 65 420 6.5 10.0
TOTA
L
645
7330
61 0
95.5
95.5
RURAL NONPOINT SOURCES: land area 2
U.S. 34,000 km
Canada 22,000 km
2
Level 1 TOTAL 56,000 km
sound management on
all
agr
icu
ltu
ral
U.S.
350
350
Min
ima
l
Min
ima
l
0
lan
ds
(10
per
cen
t
Can
ada
100
100
Min
ima
l
Min
ima
l
_Q
pho
sph
oru
s r
edu
cti
on)
TOT
AL
450
450
0
Level 2
level l meaSures, plus
buffer strips, strip
cropping, improved
municipal drainage
Pra
cti
ces
,
etc
.,
U.S
.
200
550
12.
5
12.
5
dep
end
ing
on
reg
ion
Can
ada
150
250
10.
0
10.
0
@
(25
Per
cen
t “
du
al
”
TOT
AL
350
800
22.
5
22.
5
64.
3
? in phosphorus losses
% on soils requiring
0 treatment)
Le
ve
l
3
1
lev
el
2 m
eas
ure
s a
t
U.S
.
180
730
32.
5
45.
0
1
gre
ate
r
int
ens
ity
of
Can
ada
125
375
20.
5
30.
5
i
1
eff
°rt
(m
“h
ie
”
TOT
AL
305
110
5
53.
0
75.
5
174
.0
40 percent reduction
in phosphorus losses on
soil needing treatment)
UR
BA
N
NO
NP
OI
NT
SO
UR
CE
S:
la
nd
ar
Ea
2
U.S. 6,000 km2
Canada __§19 km
Level 1 TOTAL 6,670 km
pr
og
ra
m
of
po
ll
ut
an
t
U.S
.
425
425
34.
0
34.
0
re
du
ct
io
n
at
so
ur
ce
Ca
na
da
20
20
_2
L5
_2
;§
TO
TA
L
44
5
44
5
36
.5
36
.5
82
.0
Level 2
le
ve
l
1
me
as
ur
es
,
U.
S.
57
5
10
00
89
.5
12
3.
5
pl
us
de
te
nt
io
n
Ca
na
da
40
__
§Q
_1
;Q
9.
5
SE
DI
ME
NT
AT
IO
N
TO
TA
L
615
106
0
96.
5
13
3.
0
156
.9
ab
as
ed
on
197
6
dat
um,
a
re
du
ct
io
n
of
240
0
me
tr
ic
to
ns
/y
r
has
be
en
re
co
mm
en
de
d.
Co
st
s
are
cu
rr
en
t
do
ll
ar
s
to
ne
ar
es
t
0.
5
mi
ll
io
n
do
ll
ar
s
an
d
re
du
ct
io
ns
to
ne
ar
es
t
5
me
tr
ic
to
ns
.
All
red
uct
ion
s r
efe
r t
o t
he
par
ame
ter
tot
al
pho
sph
oru
s.
bre
duc
tio
n i
n 1
980
fro
m 1
976
exi
sti
ng
loa
d;
val
ues
cum
ula
tiv
e o
nly
wit
hin
eac
h s
pec
ifi
c
urban and rural category.
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TA
BL
E
138
:
PH
OS
PH
OR
US
RE
DU
CT
IO
N
AL
TE
RN
AT
IV
ES
AP
PL
IC
AB
LE
TO
LA
KE
HU
RO
Na
Estimated Estimated
Incremental Cumulative
Phosphorus Phosphor
Remedial Measures Reduction Reduction
Options (metric tons)(metric tons)
Estimated
Incremental
Annual Cost
($ million)
 
Estimated
Annual Incre- 3
mental Cost
Effectiveness
(S tnousand/
metric ton
reduction)
 
URBAN POINT SOURCES:
Reduction of municipal
sewage treatment plant
effluent concentrations
a) present concentration
to 1.0 mg/L U.S. 260 260
Canada 25 25
TOTAL 285 285
b) 1.0 mg/L to 0.5 mg/L U'S. 90 350
Canada 35 60
TOTAL 125 410
RURAL NONPOINT SOURCES land area 2
U.S. 9,500 km
Canada 11,240 km
Level
1
TOTAL
20,740
km2
Sound management
on all agricultural
lands (10 percent U.S. 50 50
phosphorus reduction) Canada 59 £9
southern Lake Huron TOTAL 90 90
and Saginaw Bay
Livia
Level 1 measures, plus
buffer strips, strip
cropping, improved
municipaldrainage, U.S. 40 90
practices, etc., Canada 2; 12
depending on region TOTAL 75 165
(25 percent reduction
in phosphorus losses
on soils requiring
treatment southern
Lake Huron and Saginaw Bay)
URBAN NONPOINT SOURCES:
land area 2
U.S. 1,500 km2
Canada 125 km
Level 1 TOTAL 1, 625 km2
Program of pollutant U.S. 100 100
reduction at source Canada 5 5
TOTAL 105 105
Level 2
Level 1 measures, 0.5. 120 220
plus detention/ Canada 5 10
sedimentation TOTAL 125 230
o
H
H
w
o
0
w
m
H L
I
I
Minimal
Minimal
H
N
M
L
]
!
5
o
O
\
l
.
.
m
m
o
n
O
H
D
-
‘
L
O
U
|
O
N O
.
(
1
|
H U
‘
L
}
!
N
O
‘
H
N
o
G
b
.
)
U
'
I
O
-
‘
N
L
n
k
l
l
b O
\
J
U
I
U
I
l
O
N
N
O
‘
O
U
I
N o
n
U
1
3.5
o
l
o
0
53.3
76.2
164.0
8based on 1976 datum, a reduction of 100 metric tons/yr. to southern Lake Huron and 580 metric
tons/yr to Saginaw Bay have beenrecommended.
programs listed above would occur in the Saginaw Bay basin.
nearest 0.5 million dollars and reductions to nearest 5 metric tons.
All reductions refer to the parameter total phosphorus.
Reduction in 1980 from 1976 existing load; values cumulative only within each specific
urban and rural category.
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Most of the total urban point and nonpoint
Costs are current dollarsto
TABLE l3C:
PHOSPHORUS REDUCTION ALTERNATIVES APPLICABLE TO LAKE ONTARIOa
Estimated
Annual Incre-
 
Estimated EStimated mental Cost
umulative
Incremental Phosphorus Estimated Estimated EffECtIVEUBSS
Phosphorus Incremental CumUlative (S thousand/
Reduction Reduction Annual Cost Annual Cost metric ton
Remedial MeaSure Options
(metric tons) (metric tons) ($ million)
($ million)
reduction)
URBAN POINT SOURCES:
Reduction of municipal
sewage treatment plant
effluent concentrations
a) 1.0 mg/L to 0.5 mg/L U.S. 300 1650 2.5 8.5
Canada 700 l7A0 5 0 15.0
TOTAL 1000 3390 73 23.5 7 5
b) 0.5 mg/L to 0.3 mg/L U.S. 160 1810 15.5 24.0
Canada lg; 1865 20.0 35.0
TOTAL 285 3675 35.5 59.0 124.6
RURAL NONPOINT SOURCES: land area 7
U.S. 9,600 km;
Canada 181000 Rmz
TOTAL 27,600 km
Level 1
‘ °n U.S. 25 25 Minimal Minimal o
l Canada 55 55 Minimal Minimal 0
lands (10 percent -— —— ~—
. TOTAL 80 80 0
phosphorus reduction)
URBAN NONPOINT SOURCES: land area 2
U.S. 1,400 kmz
Canada 12500 kmz
TOTAL 2,900 km
w
Program of pollutant U.S. 90 90 7.5 7.5
a reduction at source Canada _5Q _59 6.5 6.5
TOTAL 140 140 14.0 14.0 100.0
Level 2
Level 1 measures, plus U.S. 110 200 19.5 27.0
detention/sedimen- Canada 150 229 1§45 2549
tation TOTAL 260 400 38.0 52.0 1A6.0
REDUCTION FROM LAKE
ERIE (AT 11,000 METRIC TON
RECOMMENDED TARGET LOAD 1200 (See Lake Erie program on Table 13a)
abased on 1976 datum, a reduction of 2400 metric tons/yr has been recommended. Costs are
current dollars to nearest 0.5 million dollars and reductions to nearest 5 metric tons.
All reductions refer to the parameter total phosphorus.
reduction in 1980 from 1976 existinc load; values cumulative only within each specific
urban and rural category.
 TABLE 14A
SU
SP
EN
DE
D
SO
LI
DS
RE
DU
CT
IO
N
FR
OM
PH
OS
PH
OR
US
CO
NT
RO
L
PR
OG
RA
MS
IN
LA
KE
ER
IE
BA
SI
Na
Estimated
Incremental
Suspended
Solids
Reduction
(tonnes)
Remedial Measures
Options
Estimated
Cumulative
Suspended
Solids
Reduction
(metric tons)
Estimated
Incremental
Annual Cost
(S million)
Estimated
Cumulative
Annual Cost
(S million)
Estimated
Annual Incre-
mental Cost
Effectiveness
(3 thousand/
metric ton
reduction)
URBAN POINT SOURCES
Reduction of municipal
sewage treatment plan
effluent concentrations
  
a)
1.0
mg/
L t
o 0
.5
mg/
L
U.S
.
193
05
103
560
9.0
Canada 2045 5810 1.5
TOTAL 21350 104370 10.5
b)
0.5
mg/
L t
o 0
.3
mg/
L
U.S
.
108
85
114
445
54.
5
Canada 1215 7QE§ 6.5
TOTAL 12100 121470 61.0
RUR
AL
NON
POI
NT
SOU
RCE
S
lan
d
are
a
2
U.S. 34,000 km2
Canada 22,000 km
2
Level 1 TOTAL 56,000 km
sound management on
all
agr
icu
ltu
ral
U.S
. 1
320
30
132
030
min
ima
l
lan
ds
(10
per
cen
t
Can
ada
377
25
377
25
min
ima
l
pho
sph
oru
s
red
uct
ion
)
TOT
AL
169
755
169
755
Level 2
level 1 measures, plus
buffer strips, strip
cropping, improved
municipal drainage
pra
cti
ces
, e
tc.
,
U.S
. 2
321
45
364
175
12.
5
dep
end
ing
on
reg
ion
Can
ada
127
810
165
535
10.
0
(25
Per
m“
red
uct
m“
TOT
AL
359
955
529
710
22.5
in phosphorus losses
on soils requiring
treatment.
Level 3
level 2 measures at
greater intensity
of effort (to achieve
‘1’:
U.S.
278
40
392
015
32.5
on
soi
l n
eed
ing
tre
at—
can
ada
358
45
Zgl
gég
20'
5
ment) TOTAL 63685 593395 53.0
URBAN NONPOINT SOURCES
———————— 1:29.322 2
U.S. 6,000 km2
Canada 670 km
2
Level 1 TOTAL 6,670 km
program of pollutant U.S. 129345 129345 34.0
reduction at source Canada 6085 6085 2.5
TOTAL 135430 135430 36.5
Level 2
level 1 measures, 0.5. 20140 149485 89.5
plus detention/ Canada 2885 8970 7.0
sedimentation
TOTAL 23025 158455 96.5
 
minimal
minimal
133.0
0.49
o
[
O
c
0.06
0.83 g
0.27
4.19
3based on 1976 datum.
to nearest 5 metric tone.
as per table 13A.
Re
du
ct
io
ns
in
19
80
fr
om
19
76
ex
is
ti
ng
lo
ad
;
va
lu
es
ar
e
cu
mu
la
ti
v
urban and rural category.
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Costs are current dollars to nearest 0.5 million dollars and reductions
All U.S.A. reductions shown here are based on phosphorus reductions
e
on
ly
wi
th
in
ea
ch
sp
ec
if
ic
TABLE 14B
3
SUSPENDED SOLIDS REDUCTION FROM PHOSPHORUS CONTROL PROGRAMS IN LAKE HURON BASIN
    
Estimated
Estimated Estimated Annual Incre—
Incremental Cumulative mental Cost
Suspended Suspended Estimated Estimated Effectiveness
Solids Solids Incremental Cumulative (5 thousand/
Remedial Measures Reduction Reduction Annual Cost Annual Cost metric ton
Options (tonnes) (tonnes) (S million) (3 million) rEdUCtion)
URBAN POINT SOURCES:
Reduction of municipal
sewage treatment plant
effluent concentrations
a) present concentration
to 1.0 mg/L U.S. 21695 21695 .5 1.5
Canada 2095 2095 .5 .5
TOTAL 23790 23790 1.0 2 0 .04
b) 1.0 mg/L to 0.5 ppm U.S. 7510 29205 1.0 2.5
Canada 565 2660 .5 1.0
TOTAL 8075 31865 1 5 3.5 19
RURAL NONPOINT SOURCES land area 2
U.S. 9,500 km7
Canada 11,240 km”
1&1 TOTAL 20,740 km
Sound management on
all agricultural lands U.S. 19315 19315 Minimal Minimal 0
(10 percent phosphorus Canada 15455 15455 Minimal Minimal _9
reduction) southern TOTAL 3A770 34770 0
Lake Huron and Saginaw
Bay).
Level 2
Level 1 measures, plus
buffer strips, strip
cropping, improved
municipal drainage, U.S. 28420 47735 2.5 2.5
practices, etc., Canada 24325 39780 1.5 1.5
dipendmg 0“ regm‘.‘ TOTAL 52745 87515 4 0 4.0 0.08
(25 percent reduction
in phosphorus losses
on soils requiring
treatment southern
Lake Huron and Saginaw Bay).
URBAN NONPOINT SOURCES land area
U.S. 1,500 km2
Canada 125 km
TOTAL 1,625 kmz
Level 1
Program of pollutant U.S. 26760 26760 7.5 7 5
reduction at source Canada _1225 _1225 __5 __;2
TOTAL 28095 28095 8.0 8.0 0.28
Level 2
Level 1 measures, U.S. 14005 40765 19.0 26.5
plus
dete
ntio
n/
Cana
da
__22
2
_1§§
§
_1;5
_2;g
sadimentatic’“ TOTAL 14525 42620 20 5 28 5 1.41
abased on 1976 datum. Costs are current dollars to nearest 0.5 million dollars and reductions
to nearest 5 metric tons. All U.S.A. reductions shown here are based on phosphorus reductions
as per table 138.
bReductions in 1980 from 1976 existing load; values are cumulative only within each specific
urban and rural category.
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cr
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st
Su
sp
en
de
d
Su
sp
en
de
d
Es
ti
ma
te
d
Es
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In
cr
em
en
ta
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Cu
mu
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ti
ve
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th
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/
Re
me
di
al
Me
as
ur
es
Re
du
ct
io
n
Re
du
ct
io
n
An
nu
al
Co
st
An
nu
al
Co
st
me
tr
ic
to
n
Op
ti
on
s
(t
on
ne
s)
(t
on
ne
s)
(S
mi
ll
io
n)
(5
mi
ll
io
n)
re
du
ct
io
n)
URBAN POINT SOURCES:
Reduction of municipal
sewage treatment plant
effluent concentrations
a)
1.0
mg
/L
to
0.5
mg
/L
U.S
.
399
0
219
45
2.5
8.5
Can
ada
103
50
231
55
5.0
15.
0
TO
TA
L
14
34
0
45
10
0
7.
5
23
.5
0
52
b)
.5
mg/
L
to
.3
mg/
L
U.S
.
388
0
258
25
15.
5
24.
0
Can
ada
520
0
283
55
20.
0
35.
0
TO
TA
L
90
80
54
18
0
35
.5
59
.0
3
91
RU
RA
L
NO
NP
OI
NT
SOU
RCE
S:
lan
d
ar
ea
2
U.S. 9,600 km
Canada 182000 km2
TOTAL 27,600 km
Level 1
Sou
nd
man
age
men
t
on
U.S
.
964
5
964
5
min
ima
l
min
ima
l
0
‘
all
agr
icu
ltu
ral
Can
ada
212
20
212
20
min
ima
l
min
ima
l
_Q
,
lands (10 percent
0
ph
os
ph
or
us
re
du
ct
io
n)
TO
TA
L
308
65
30
86
5
URBAN NONPOINT SOURCES:
-—
—-
--
——
-—
-—
-—
-—
-—
-
la
nd
ar
ea
0
U.S. 1,400 km;
Canada 1,500 km;
TOTAL 2,900 km-
Level 1
Pro
gra
m o
f p
oll
uta
nt
U.S
.
282
10
282
10
7.5
7.5
red
uct
ion
at
sou
rce
Can
ada
170
85
170
85
6.5
_
6.5
TO
TA
L
45
29
5
45
29
5
14.
0
14.
0
.31
Level 2
Lev
el
1 m
eas
ure
s,
plu
s
U.S.
4355
325
65
19.5
27.
0
det
ent
ion
/se
dim
en—
Can
ada
432
0
214
05
18.
5
25.
0
tation
TOT
AL
867
5
539
70
38.
0
52.
0
4 3
8
abased on 1976 datum.
to nearest 5 metric tons.
as per table 13C.
Costs are current dollars to nearest 0.5 million dollars and reductions
Al
l
U.S
.A.
re
du
ct
io
ns
sh
ow
n
he
re
are
ba
se
d
on
ph
os
ph
or
us
re
du
ct
io
ns
bR
ed
uc
ti
on
s
in
198
0
fr
om
197
6
ex
is
ti
ng
loa
d;
va
lu
es
are
cu
mu
la
ti
ve
on
ly
wi
th
in
ea
ch
sp
ec
if
ic
urban and rural category.
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 4. DISCUSSION
I
I
I
I
GENERAL CONSIDERATION
It should again be stressed that the phosphorus load reduction programs
examined in this overview modelling analysis are not intended to represent a
rigid scheme or sequence of controls for achieving the recommended target
loads. Rather, the process should be viewed as a means of quantitatively
comparing various management alternatives in order to better insure the
implementation of cost—effective nonpoint and point source controls. Similarly,
as new information becomes available (e.g., better cost data), the process can
be used to generate more detailed assessments of remedial programs.
Even with problem area identification on a sub—watershed basis, it will
still be necessary to identify sites within sub—basins that contribute most
of the pollution. Because of the basin—wide scope of the PLUARG study, no
attempt is made to do so in this report. However, information on the factors
which combine to cause nonpoint source problems provide a guide to determining
specific problem areas. Local efforts will be required to "walk the land" and
identify individual sites which are actual nonpoint source problem areas.
Control of these sites, which may comprise a relatively small percentage of the
total land area, will likelyprovide the greatest return at the least cost.
For these reasons, geographic resolution is an important dimension to be
considered in planning rural nonpoint remedial programs. As a means of high—
lighting this point, Figures 9, 10, and 11 depict the total phosphorus UAL
contributed to Lakes Erie, Huron, and Ontario, respectively, prior to the
implementation of rural remedial measures. Inspection of these figures reveals
the wide variation in UAL's which may exist over an entire lake basin. By
examining the distribution of pollutant loads to the lakes on this gross
scale, those sub—basins which need to be studied on a more refined scale can be
easily identified.
In the development and implementation of remedial measures, cost-
effectiveness, total costs, and total amounts of materials removable are
estimated. Although other factors must also be considered, the PLUARG
analysis does not deal with the economic implications of the recommended
total phosphorus target loads and related social, legislative, institutional
and technical factors. Rather, this analysis provides information on total
annual costs and unit costs associated with selected degrees of total
pho
sph
oru
s l
oad
ing
red
uct
ion
s.
The
dis
cus
sio
n b
elo
w a
nd
the
acc
omp
any
ing
tables are designed to provide some indication of the most direct costs
of program alternatives to achieve target total phosphorus loadings. Various
levels and types of programs may be undertaken for the various lakes, and
the combination of measures may vary from place to place.
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FIGURE 11:
TOTAL PHOSPHORUS DELIVERED TO LAKE
LAKE ONTARIO BASIN
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Other
criteria
are
also
important
factors
to
consider
in
the
selection
of
remedial
programs.
A
major
technical
consideration
is
the
biological
avail-
ability of
phosphorus.
The
relative proportions
of
available
and unavailable
phosphorus vary
considerably
among
sources.
For
example,
phosphorus from
municipal wastewater treatment plants and manure and livestock operations is
more biologically available than that associated with eroded particles arising
from agricultural sources.
In some cases,
the unit cost of total phosphorus
removal is also lower for those sources with the highest proportion of available
phosphorus, making control of these sources relatively cost—effective.
Also,
it is important to consider what other pollutants may also be removed through
implementation of a specific program for the removal of total phosphorus
(e.g., removing metals
in urban stormwater).
\
COST-EFFECTIVENESS
Municipal point source removal of total phosphorus, at least to a 0.5 mg/L
effluent concentration, was the most cost-effective of all measures examined
in this study.
As presented in Tables 13a, 13b and 13c, the cost per metric ton
of reductions in lake loads range from $7,500 to $12,000 in moving from 1.0 mg/L
to 0.5 mg/L effluent concentration. The cost—effectiveness of a reduction from
1.0 mg/L to 0.3 mg/L would be approximately $35,000 per metric ton reduced load,
although the incremental or marginal cost—effectiveness in moving from 0.5 to
0.3 mg/L would be approximately $100,000 per metric ton.
Unit costs for rural programs vary widely. For example, strip cropping
programs in some areas of fine-textured soils range from $5,000 to $6,000
per metric ton of reduced total phosphorus load to the lake. In other agricultural
regions the annual cost may exceed $100,000 per metric ton for various measures
and/or combinations of measures, e.g., spring plowing for row crops (with
attendant large losses in production), improved drainage practices and buffer #
strips (including costs for labor, materials and lost production). Although 1
livestock waste management practices should be considered in rural programs
for phosphorus reduction, their costs have not been included in the remedial
costs presented here. There are more than 25,000 intensive livestock operations
in the Great Lakes basin, but only a small percentage of these would require
significant improvement (for Great Lakes water quality benefits). Therefore,
a more refined analysis would necessitate evaluation on a case—by—case basis.
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Urban nonpoint phosphorus removal programs are extremely expensiveper
metric ton removed. The first-level programs may cost $80,000 to $100,000
annually per metric ton removed, whle second—level programs are estimated to have
unit costs of $150,000 per metric ton removed.
The final selection of a control program is complicated by the fact that
the unit cost (cost-effectiveness or cost per tonne of pollutant removed) of
some point and nonpoint control programs are similar. For example, various
agricultural programs might cost $50,000 to $100,000 per metric ton of total
phosphorus load reduction, while the incremental cost of point source controls
to reduce effluent concentrations from 0.5 mg/L to 0.3 mg/L is approximately
$100,000 per metric ton.
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 PROGRAM COSTS AND RESULTS
The overview modelling analysis provides a process for evaluating the
amounts of pollutant removable through various management scenarios, as well
as the associated costs. In doing so, those combinations of control programs
which achieve recommended pollutant load reductions at least cost are clearly
identified, thereby reducing the number of feasible alternatives which are to
be considered in greater detail as candidates for implementation. In view of
the further reductions in total phosphorus loads recommended by PLUARG to
improve and/ormaintain existing water quality conditions in the Great Lakes,
it is essential that a cost—effective sequence of measures be adopted
for meeting these targets. Table 15 shows (A) the 1975 total phosphorus loads
to Lake Erie, Lake Huron and Lake Ontario, (B) the recommended target load
values, and (C) the necessary load reductions to achieve the targets.
Because these three lakes represent unique problems in terms of load
reduction targets, a separate discussion of the overview modelling results
will be provided for each. However, it is necessary to first discuss some
basic concepts and procedures adopted in the analysis.
As previously described, the study concentrated on pollutant loads from
three distinct sources: (A) municipal point sources, (B) urban diffuse sources,
and (C) rural diffuse sources. Each was considered first from the perspective
of pollutant load transmitted to the lake over a 25—year period assuming no
remedial programs are implemented, and then from the perspective of specified
remedial programs being initiated after the fifth year of the 25—year planning
period (1975—2000). The former pollutant load scenario was generated by
starting the model from the initial 1975 conditions and running a 25—year sﬂnulation
directly. The latter profile was generated by starting from the same initial
conditions, but interrupting the simulation after the fifth year to incor—
porate the implementation of remedial measures.
In evaluating the overall reduction in total phosphorus required to meet a
specific target load for any lake, it is necessary to modify the reduction to
account for natural or "status quo" increases (or decreases) in the load which
occur over time due to population increases, urban land expansion, and rural
land reductions. For example, in 1975 the total phosphorus reduction necessary
to achieve the 11,000 metric ton/yr. target for Lake Erie was approximately
2,400 metric tons. However, by the year 1980 the required reduction would exceed
2,500 metric tons in order to meet the same 11,000 metric ton target load.
Thus, temporal increases in phosphorus loads to sewage treatment plants, urban
expansion and development, as well as decreases in rural areas to accommodate
urban growth, combine to produce an upward trend in the pollutant load. This
trend must be evaluated in any ongoing assessment of future program requirements.
The overview modellingresults are based upon 1975 conditions; the pollutant load
reductions are evaluated with respect to the 1975 datum. For example, a
recommended remedial program achieving a load reduction of 1,000 metric tons
(from the 1975 datum) from diffuse urban sources in 1980 actually produces
a total reduction of these 1,000 metric tons plus the status quo increase in
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P2.
Urban Nonpoint Sources —
Figure 6b provides a visual description of
the effectiveness achieved through implementation of the first two levels of
urban nonpoint programs.
The specific input data describing each program is
given in Table 11.
The top curve in Figure 6b represents the projected total phosphorus load
transmitted to Lake Erie from urban runoff in the U.S. and Canada over the
25—year period from 1975 to 2000. The 1975 datum of 2,925 metric tons increases
to 2,990 metric tons by 1980, and ultimately to 3,325 metric tons by the year
2000 without additional controls. However, if a Level 1 remedial program is
initiated, by 1980 the total annual load is expected to decrease by approximately
445 metric tons from the 1975 datum at an annual cost of $36.5 million. The
second level of effort in controlling urban runoff would result in a load
reduction of 1,060 metric tons from the 1975 datum by the year 1980 (2.4 times
greater than the Level 1 reduction) at an annual cost of $133 million (3.6 times
greater than the Level 1 annual cost). Table 13a shows that the U.S. total
phosphorus input to Lake Erie from urban runoff far outweighs the Canadian
contribution, and therefore the load reductions and costs associated with the
U.S. remedial program comprise a high percentage of the Lake Erie totals.
3. Rural Sources — Three levels of effort were evaluated for reducing total
phosphorus loads to Lake Erie from rural sources. The first level is defined
as voluntary "sound management" of all agricultural land, while the second and
third levels incorporate further measures (in addition to sound management
practices) on agricultural land in regions of fine—textured soils. It is
important to note that the U.S. and Canadian analyses differed somewhat in
this particular case. Whereas in the Canadian analysis a remedial measure was
assumed to apply uniformly over a given sub—basin, in the U.S. study the
measure was only appliedto that area within a given sub—basin which was estimated
as having cropland on fine—textured soils. This difference was necessitated by
the fact that the Canadian grid was finer scaled, and therefore each sub—basin had
a dominant soil texture. The coarser U.S. grid, on the other hand, resulted in
certain cases where a sub—basin contained equal areas of two or more different
soil textures. Because the second and third levels of effort were applied only to
areas having fine—textured soils, it was necessary to adjust the remedial load
reduction and cost per unit area treated to the percentage of fine—textured soil
present in each sub—basin. Thisapproach seemed to represent a consistent and
more realistic method of evaluating and comparing rural control programs in the
U.S. and Canada.
Figure 6c provides a composite of the rural sourceresults for Lake Erie.
The top curve delineates the projections of the total phosphorus load transmitted
to the lake from rural nonpoint sources under the assumption that no remedial
measures are applied during the 25—year planning period. As opposed to the
existing condition (or status quo) curves for municipal point source and urban
runoff loads, the top curve representing the load from rural runoff has a
negative slope. This characteristic is attributable to the gradual decline in
rural land to accommodate population growth and urban expansion.
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Implementation of a voluntary sound management program on all agricultural
land will result in a reduction of approximately 90 metric tons at minimal cost.
If the second most cost—effective measure —— lowering all municipal treatment
plant effluents to a 1.0 ppm total phosphorus residual —— is also instituted,
another 285 metric ton reduction is achieved, bringing the total load reduction
to 375 metric tons. Almost all of the 285 tonne reduction from point sources and
roughly one—half of the 90 tonne rural nonpoint reduction would occur in the
Saginaw Bay sub—basin.
It would appear to be advisable to proceed with a second level of effort
rural program in the southern Lake Huron drainage areas, most of which would take
place in the Saginaw Bay basin. This would result in an additional 55 metric ton
load reduction at an annual cost of $4 million. Similarly, a Level 1 urban
nonpoint phosphorus control program would be expected to further reduce the load
by 105 tonnes. A summary of this sequence of measures to be applied to Lake
Huron SOurces is presented in Table 17.
C. Lake Ontario:
The total phosphorus load projections and the potential reductions which may
be expected through various remedial measures in Lake Ontario are presented in
Figures 8a, 8b and BC. This information has been compiled, along with corres—
ponding cost—effectiveness values for each measure, in Table 13c. Again, following
the same procedure used to derive the sequence of measures to be implemented in
Lake Erie and Lake Huron, a series of controls is selected to achieve a 2,400
metric ton per year reduction in the total phosphorus load to Lake Ontario,
as recommended by PLUARG. It is critical to note that the load reduction to
Lake Ontario resulting from the Lake Erie remedial program has been estimated to
be approximately 1,200 metric tons. This is based on the assumption that
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le
rur
al
cos
ts
are
est
ima
ted
to
be
bet
wee
n $
26.
5 a
nd
$57
.0
mil
lio
n
ann
ual
ly,
dep
end
ing
upo
n
the
lev
els
of
tre
atm
ent
sel
ect
ed.
The
ave
rag
e
ann
ual
cos
t
per
hec
tar
e
of
agr
icu
ltu
ral
lan
d t
rea
ted
is
est
ima
ted
to
be
$3.
50,
ran
gin
g
fro
m a
min
ima
l
add
iti
ona
l
cos
t
for
a L
eve
l
1 p
rog
ram
up
to
app
rox
ima
tel
y
$60
per
he
ct
ar
e
in
ce
rt
ai
n
ar
ea
s
re
ce
iv
in
g
Le
ve
l
3
tr
ea
tm
en
t.
Ab
ou
t
11
2,
00
0
km
(2
7,
40
0,
00
0
ac
re
s)
of
ag
ri
cu
lt
ur
al
la
nd
sh
ou
ld
re
ce
iv
e
at
le
as
t
Le
ve
l
1
tr
ea
tm
en
t.
Cl
os
e
to
40
pe
rc
en
t
of
th
is
la
nd
wi
ll
re
qu
ir
e
ad
di
ti
on
al
tr
ea
tm
en
t
be
yo
nd
Le
ve
l
1
in
or
de
r
to
me
et
ta
rg
et
loa
ds.
Th
e
an
nu
al
co
st
of
th
e
ur
ba
n
Le
ve
l
1
no
np
oi
nt
pr
og
ra
m
is
$5
8.
5
mi
ll
io
n;
ur
ba
n
po
in
t
so
ur
ce
"0.
5
pp
m"
pr
og
ra
ms
wo
ul
d
li
ke
ly
co
st
$21
.5
mil
lio
n
per
yea
r
in
add
iti
on
to
the
cos
ts
of
tot
al
pho
sph
oru
s r
emo
val
obligated by the 1972 Agreement.
 
 Bas
ed
upo
n a
vai
lab
le
inf
orm
ati
on,
it
is
rei
ter
ate
d t
hat
a w
hol
e l
ake
pho
sph
oru
s l
oad
ing
red
uct
ion
pro
gra
m i
s n
ot
req
uir
ed
for
Lak
es
Sup
eri
or
and
Mic
hig
an.
Spe
cia
l a
tte
nti
on,
how
eve
r,
is
req
uir
ed
for
seg
men
ts
of
bot
h l
ake
s
to
pro
tec
t n
ear
sho
re
wat
er
qua
lit
y.
In
Lak
e S
upe
rio
r,
thi
s i
ncl
ude
s r
edu
cti
on
of
poi
nt
sou
rce
loa
ds
to
res
tri
cte
d e
mba
yme
nts
(e.
g.,
Thu
nde
r B
ay,
Dul
uth
—
Sup
eri
or
Har
bor
),
as
wel
l a
s m
ini
miz
ing
act
ivi
tie
s o
n t
he
hig
hly
ero
dib
le
red
cla
y a
rea
lon
g t
he
sou
thw
est
ern
par
t o
f t
he
lak
e.
The
sou
the
rn
por
tio
n o
f
Lak
e M
ich
iga
n s
hou
ld
be
tre
ate
d a
s a
sub
-sy
ste
m s
imi
lar
to
Sag
ina
w B
ay
by
age
nci
es
dev
elo
pin
g m
ana
gem
ent
pla
ns
for
pho
sph
oru
s l
oad
red
uct
ion
s.
Suf
fic
ien
t i
nfo
rma
tio
n i
s a
vai
lab
le
to
per
mit
the
est
ima
tio
n o
f o
the
r
pol
lut
ant
red
uct
ion
s w
hic
h a
re
a d
ire
ct
res
ult
of
pho
sph
oru
s c
ont
rol
pro
gra
ms.
Est
ima
tes
of
the
sus
pen
ded
sol
ids
loa
d r
edu
cti
ons
whi
ch
may
be
exp
ect
ed
as
a
dir
ect
res
ult
of
pho
sph
oru
s c
ont
rol
mea
sur
es
hav
e b
een
com
pil
ed
for
Lak
es
Eri
e,
Hur
on
and
Ont
ari
o;
the
inf
orm
ati
on
is
pre
sen
ted
in
Tab
les
14a
, 1
4b,
and
14c
,
res
pec
tiv
ely
.
For
exa
mpl
e,
the
loa
d o
f s
usp
end
ed
sol
ids
ent
eri
ng
Lak
e E
rie
from
rura
l so
urce
s in
the
Cana
dian
port
ion
of t
he b
asin
can
be e
xpec
ted
to
dec
rea
se
by
abo
ut
40,
000
met
ric
ton
s p
er
yea
r (
from
450
,00
0 t
o 4
10,
000
met
ric
ton
s p
er
year
) w
ith
imp
lem
ent
ati
on
of
a L
eve
l 1
rem
edi
al
pro
gra
m f
or
red
uci
ng
tot
al
pho
sph
oru
s l
oad
s f
rom
rur
al
dif
fus
e s
our
ces
.
Sim
ila
rly
, L
eve
l 2
and
Lev
el
3 ru
ral
reme
dial
prog
rams
for
redu
cing
tota
l ph
osph
orus
load
s co
uld
redu
ce
ann
ual
sus
pen
ded
sol
ids
loa
ds
by
app
rox
ima
tel
y 1
70,
000
met
ric
ton
s a
nd
200
,00
0
metric tons, respectively.
PLU
ARG
has
rec
omm
end
ed
that
dev
elo
pin
g l
and,
in m
ost
reg
ion
s a
nd
unde
r mo
st c
ircu
msta
nces
, s
houl
d ha
ve s
edim
ent
cont
rol
prog
rams
; i
n fa
ct,
agen
cies
prom
otin
g er
osio
n co
ntro
l fr
om r
ural
land
s sh
ould
requ
ire
a pr
acti
cabl
e
leve
l of
effo
rt o
n de
velo
ping
urba
n la
nds,
notw
iths
tand
ing
that
thes
e la
nds
contribute a low percentage of the total sediment load. As mentioned in
Sect
ion
3, t
he a
nnua
l co
sts
of c
ontr
olli
ng p
ollu
tant
load
ings
from
thes
e la
nds
may
amou
nt t
o $2
,000
per
hect
are
and
woul
d
resu
ltin
a to
tal
annu
al e
xpen
ditu
re
of a
ppro
xima
tely
$25
mill
ion
for
the
Lake
Erie
and
Lake
Onta
rio
prog
rams
.
This
cost
appe
ars
larg
e, b
ut i
t tr
ansl
ates
to a
n av
erag
e of
less
than
$200
per
sing
le
family residential lot. The control program on developing land could reduce
susp
ende
d so
lids
loss
es b
y 10
,000
to 1
5,00
0 me
tric
tons
/yr.
This
is n
ot a
larg
e
propo
rtion
of th
e tot
al su
spend
ed s
olids
input
to th
e lak
es fr
om al
l so
urces
, but
it is significant, especially in terms of local effects near urban areas. A
cons
ider
able
impr
ovem
ent
in d
ata
on s
edim
ent
loss
es a
nd p
rogr
am c
osts
, co
llec
ted
unde
r Gr
eat
Lake
s re
gion
cond
itio
ns,
will
be n
eces
sary
befo
re m
ore
refi
ned
cost
estimates can be derived. Also, actual sediment sampling measurements by
app
rov
ed
pro
ced
ure
s w
oul
d b
e n
ece
ssa
ry
in
lie
u o
f t
he
sus
pen
ded
sol
ids
dat
a w
hic
h
are now commonly available.
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TABLE 16:
SCENARIO EXAMPLE FOR LAKE ERIE
(METRIC TONS)
VOLUNTARY SOUND MANAGEMENT ON
ALL AGRICULTURAL LAND
0.5 PPM TOTAL PHOSPHORUS
EFFLUENT RESIDUAL AT ALL
MUNICIPAL SEWAGE TREATMENT PLANTS
SECOND LEVEL OF EFFORT ON ALL
CROPLAND IN FINE-TEXTURED
SOIL AREAS
FIRST LEVEL OF EFFORT ON NON
POINT INPUTS FROM URBAN AREAS
TOTALS
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REMOVAL
A50
1,305
ANNUAL COST
MINIMAL
($34.5 MILLION)
$10.5 MILLION NEW
PROGRAM COSTS
$22.5 MILLION
$36.5 MILLION
$69.5 MILLION
 TABLE 17:
SCENARIO EXAMPLE FOR LAKE HURON
VOLUNTARY SOUND MANAGEMENT ON
ALL AGRICULTURAL LAND
1.0 PPM TOTAL PHOSPHORUS EFFLUENT
CONC. FROM ALL MUNICIPAL SEWAGE
TREATMENT PLANTS
FURTHER REDUCE EFFLUENT CONC.
FROM 1.0 PPM TO .5 PPM
SECOND LEVEL OF EFFORT ON ALL
CROPLAND IN FINE-TEXTURED SOIL
AREAS
FIRST LEVEL OF EFFORT ON NONPOINT
INPUTS FROM URBAN AREAS
TOTAL
-62-
REMOVAL
(METRIC TONS) ANNUAL COST
 
90 MINIMAL
285 ($2.0 MILLION)
$1.0 MILLION NEW
PROGRAM COSTS
125 $1.5 MILLION
75 $4.0 MILLION
105 $8.0 MILLION
680 $10.5 MILLION
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AND
FORM
AREA
SUMM
ARY
FOR
LAKE
ONTA
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NAGE
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N
(KM
)
 
FINE
FINE
MEDI
UM
MEDI
UM
LAND
FORM
TEXT
URED
TEXT
URED
TEXT
URED
TEXT
URED
COAR
SE
C(lAR
SE
MISC.
USE
TYPE
S
SUB—
TOTA
L
LAND
USE
Level
Slop
ing
Level
Slop
lng
Level
Slop
ing
      
O
O
O
O
O
> 5
02
Row
Cro
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Can
ada
147
O
147
U.S.
A.
0
0
0
0
0
0
0
0
O
25
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07.
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Cro
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ada
383
O
414
0
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0
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.
0
0
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6
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2,84
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0
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.
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0
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O
0
0
O
0
0
0
U.S.
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0
_0.
0
0
0
0
0
0
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0
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65
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4
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 RURAL LAND USE AND LAND FORM AREA SLREMRY FOR LAKE HURON AND GEORGIAN BAYa (KHZ)
FINE
TEXT
URED
FINE
TEXTURED
MEDIUM
TEXTURED
MEDIUM
LAND FORM
TEXTURED COARSE COARSE MISC.
TYP
ES
LAND USE
Level Sloping Level 510p1ng Level Sloping
        
US
E
SUB—TOTAL
> 50% Row Crops Canada 0
0
0
0 94
0 61
U.S.A.
2,191
0
699
0
O
0
0
2,941 586 0 918 840 67 126
2,688
0 8,078
0 1,483
0 0
Canada
U.S.A.
25 — 50%
Row Crop
s
7
4
—
Canada
1,347
473
6,886
U.S.A. 0
0
0
0
1,232 603 0
5,086
0
0
< 25% Row Crops
> 60% Forest Canada 416 0
4,093 0 306 0
U.S.A. 0 0 0
0
16,037
Canada 0
0
0
0 0
U.S.A. 0
0
0
0 0
0 AAQ
11,686
Miscellaneous
13,343
7,304
Form Subtotal
25,078
6,918
aThe U.S.A. land was classified using the Canadian land use categories for purposes of this table.
figures, as they appear above, are planimetered measurements from a map of figure 4b.
The U.S.A. urvu
155
2,890
5,478
12,249
69,358
 RURAL LAND USE AND LAND FORM AREA SUMMARY FOR IAKE ERIE DRAINAGEa (KMZ)
FINE FINE MEDIUM MEDIUM
LAND FORM
TEXTURED TEXTURED TEXTURED TEXTURED COARSE COARSE MISC.
USE
TYPES SUB—TOTAL
LAND USE
Level
Sloping
Level
Sloping
Level
Sloping
       
7
5
-
> 50% Row Crops
Canada
3,123
U.S.A.
12,731
29
0
4,700
1
284
8,135
4,985
1,105
906 0
19,727
0
0
0
0
25 — 502 Row Crops Canada
5,371
1,570
0
2,101
400
567
U.S.A. 3,597 0 2,035
0
0 0
10,575
5,6
32
0
0
593
460
0
3,661
223
0
3,318
6,843
< 25% Row Crops Canada 2,265
U.S.A.
2,959
0
0
O
O
0
0
> 60% Forest
Canada
0
0
0
0
201
U.S.A.
0
0
O
0
0
0
l.
0
2,779
77,205
Miscellaneous
Canada
0
0
0
U.S.A.
4,100
7,346
8,585
2,7
Form Subtotal
34,646
8,916
19,881
6,632
6,279
0
0
C
O
O
O
0
0
‘
O
 
\
T
0
0
N
r
\
\
O
I
n
a
The U.S.A. land was classified using the Canadian land use categories for purposes of this table.
The U.S.A. area
figures, as they appear above, are planimetered measurements from a map of figure 3b.
  
A P P E N D I X B
FINE-TEXTURED SOIL CLASSIFICATION
  
  
FINE TEXTURED
SOILS FOUND
IN SIGNIFICANT AMOUNTS
IN THE ONTARIO BASIN OF THE GREAT LAKES
FINE TEXTURED SOILS FORMED ON TILL OR LACUSTRINE SEDIMENTS
  
Good Imperfect Poor
QEEEEEEE 23313222.. PEEEEEEE
Lacustrine, silty clay
Saugeen
Elderslie
‘ Chesley
Till on red shale, clay
Dunedin
Craigleith
Morley
Till on limestone, clay loam
Vincent
Kemble
Brookston
Till on shale and sandstone, clay loam
Walford
Morrisburg
Osnabruk
Till on limestone, clay and clay loam
Huron
Perth
Brookston
Till on red shale, clay Nelson Tansley
Lacustrine, clay Cashel Peel Malton
Lacustrine, clay Schomberg Smithfield Simcoe
LacUstrine, clay loam Waupoos Solmesville Lindsay
Till on shale, clay loam King Monaghan Brookston
Lacustrine, silty clay Brantford Beverly Toledo
Lacustrine, silt loam over clay Smithville Binbrook
Lacustrine, clay and silt loam Gananoque Lansdowne Napanee
VERY FINE TEXTURED SOILS FORMED ON TILL OR LACUSTRINE SEDIMENTS
Good Imperfect Poor
___3_Drainae $2315.39. 221.1223:
Till on red shale, C13! Lockport Trafalgar
Till on grey shale, clax Brockport Cooksville Mississauga
Till on brown shale, c132 Oneida Chinguacousy Jeddo
Till on grey shale, clax Caistor
Lacustrine, glgz South Bay Elmbrook Sidney
Lacustrine, clay Haldimand Lincoln
Lacustrine, clay Medonte Lovering Atherly
Lacustrine, clay Niagara Welland
 FINE TEXTURED SOILS FOUND IN SIGNIFICANT AMOUNTS
IN THE UNITED STATES BASIN
Alexandria
Andres
Ashkum
Beecher
Bennington
Bergland
Blount
Bono
Brookston
Bryce
Canadice
Caneadea
Cazenovia
Clarence
Condit
Danley
Derinda
Dolph
Drummer
Elliott
Ellsworth
Flanagan
Fonda
Fries
Fulton
Hoytville
Hudson
Hulberton
Hurst
Ilion
Indus
Kewaumee
Kokomo
Latty
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OF THE GREAT LAKES
silty
ysilty
silty
silty
silty
clay
silty
silty
silty
silty
silty
silty
silty
silty
silty
silty
silty
clay
silty
silty
silty
silty
silty
silty
silty
clay
silty
silty
silty
silty
clay
clay
silty
clay
clay
clay
clay
clay
clay
clay
clay
clay
clay
clay
clay
clay
clay
clay
Clay
clay
clay
clay
clay
clay
clay
clay
clay
clay
clay
clay
clay
clay
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
 
 Lenawee
Lookport
Livingston
Lorain
Luray
Mahoning
Manawa
Markham
Milton
Millsdale
Miner
Monroeville
Morley
Mappanee
Odessa
Ontonagon
Oshkosh
Ovid
Panton
Papakating
Paulding
Pella
Pewamo
Pickford
Poygan
Remsen
Rhinebeck
Romulus
Roselms
Rowe
Schoharie
Selkirk
Sidell
Sims
St. Clair
silty clay
silty clay
clay
silty clay
silty clay
silty clay
silty tlay
silty clay
silty clay
silty clay
silty clay
silty clay
silty clay
clay
silty clay
silty clay
clay
silty clay
clay
silty clay
clay
silty clay
clay loam
silty clay
silty clay
silty clay
silty clay
silty clay
silty clay
silty clay
silty clay
clay
silty clay
clay loam
clay loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
loam
  
Swygert
Taylor
Toledo
Trumbull
Vergannes
Wadsworth
Ward
Weinbach
Westland
Wickliffe
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silty clay
clay
silty clay
silty clay
Clay
silty clay
silty clay
silty clay
clay loam
silty clay
 
loam
loam
loam
loam
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MODEL
DESCRIPTION
AND
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OUTPUT
 
  
 This
appendix
is
intended
to
provide
a
stepping
stone
for
a
more
in
depth
study
of
the
computer
model
used
in
the
overview
modelling
exercise
for
PLUARG.
The
complete
documentation
manual
for
the
simulation
system
pro-
grams
is
on
file
in
the
Department
of
Academic
Computer
SerViCRS,
Institute
of
Computer
Science,
University
of
Guelph.
The
APL
simulation
system
is
composed
of
three
groups
of
programs.
First
is
the group
enabling
the creation
of
a pollutant
unit
area load matrix.
Second
are
those
programs which
are
used
to construct
the watershed
matrix
and
finally
are the modelling functions and associated reporting facilities.
Below are some
excerpts from the documentation manual chosen to elucidate somewhat on the three
groups and their respective results. ‘
Pg. 104 — C.2 — Pollutant Matrix Description
The pollutant matrix is a table of unit loads (ie. kg. of
pollutants per sq. km.).
The rows of the table represent
land USE and the columns are land FORM. A watershed is
composed of identifiable units of land whose use and form
are specified by two numbers which refer to the row (use)
and column (form) of the pollutant matrix to yield the
unit load for this section of land. Newly urbanizing land
is assigned an urban use unit load times a multiplication
factor (which is referenced by the name AGGRAVATION FACTOR)
which is applied for one year for land passing through the
"developing" category.
Pg. 107 - D.2 - Watershed Matrix Description
 
The river matrix is a table of information related to the
watershed. It is composed of both information for the physi—
cal characteristics of the watershed as well as data required
as a "starting point" for a scenario.
The rows of the matrix represent "sections" along the water—
shed, where the first section (row) starts at the "source"
of the river. The sequence of the sections represents the
order in which they appear along the river itself. The columns
of the matrix are summarized below:
COLUMN # DESCRIPTION:
. Transmission Entry Point
. Land Area (sq. km.)
. Land Use Number
. Land Form Number
. Population (no. of people)
. Population Density (no. of people per sq. km.)
. Growth Rate (Z) of population
SCENARIO STARTING VALUES:
8. Intensification Z (for any section)
9. Aggravation Factor (for newly urbanized)
\
‘
O
‘
U
‘
w
a
H
Rem
edi
al
Mea
sur
es
(fo
r e
sta
bli
she
d u
rba
n &
rur
al
lan
d)
10. percent
11. $ capital (per sq. km.)
12. $ operating (per sq. km.)
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 Development Measures (for urbanizing land)
13. percent
14. $ capital (per sq. km.)
15. $ operating (per sq. km.)
Treatment Measures (for populated areas)
16. percent
17. $ capital (per 1000 people)
18. $ operating (per 1000 people)
19. Transmission Coefficients
20. Name of Watershed
Pg. 111 — E.2 - Model Overview
 
Before running the model, one must first acquire copies of
the watershed and pollutant matrices that are to be used.
Once the model begins, it tells how many sections there are
in the watershed, then it shows both the transmission coef—
ficients and the modified transmission coefficients. Since
it is possible to run any pollutant against any river, it
becomes necessary to enter, at the start of each run of
the model, the per capita input (PCI) of the pollutant being
used for each populated area. Thus the program automatic—
ally prompts for the PCI values which are required for cal-
culating population-related pollutant figures.
From this point, the program prompts with the question "WHAT
NOW" to which one can reply with a keyword, as Summarized
in the following section.
Pg. 112 — E.3 — Keywords Available
Elements of data are manipulated, changed, reported and
modified by responding with one of the keywords listed below.
After typing the keyword and pressing RETURN, the programs
will prompt for the information required to complete the re-
quest.
AGGravate: to change the aggravation factor being
applied to unit loads for developing areas
CONtinue: to continue the model process for another N
years as specified by PAUSE (or 25 by default)
COSts: to View, by year, the costs calculated for the
overall cycle to date
DENsity: to change population densities
DEVelopment measures: to change the development Z and $
capital and operating for populated areas
EFFectiveness: to view the effectiveness report
GROwth: to change the growth rate Z for populated areas
HELP: to produce a condensed list of keywords available
INFlation: to change the inflation rate Z (default = OZ)
INTensify: to change the unit load intensification Z for
rural or urban areas
MEAsures: to view the measures currently being used
NOT transmitted: to View the report of pollutants either
- removed by some treatment measure or stored
in the river
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 PAUse: to specify the duration in years after which the
program will next pause (default = 25 years)
PCI: to change the per capita input values of pollutant
PERiod: to respecify the interest period over which
capital costs will be amortized (default = 15
years)
POLLutants: to View the pollutants generated report
POPulation: to change population figures
RATe of interest: to change the interest rate Z that is
used in amortizing capital costs
(default = 0%)
REMedial measures: to respecify remedial measures (Z,
and $ capital and operating per sq. km.)
STOP: to discontinue this model process
SUMmary: to View the watershed summary report
TREatment measures: to respecify the treatment measures
(Z, and $ capital and operating)
The reporting facilities of the modelling programs are briefly illustrated
on the following pages and are indicative of the information derived from
the modelling procedure.
The Watershed Summary Report along with the Measures Report provide a
means to obtain an annual snapshot of the watershed matrix. The former des—
cribes the matrix under the two major categories of Land and Population.
The header symbols for the land, from left to right are: Transmission Entry
Point; Land Use; Land Form; Intensification Factor; Remedial Percentage;
Aggravation Factor; Developing Land Remedial Percentage; Cascading Sequence
Position. For the Population category the header reads as follows: Popula—
tion; New Growth Settlement Density; Population Growth Percentage; Remedial
Treatment Percentage from Municipal Point Inputs; Per Capita Input as kg/
person/yr.
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two ways. One, as a cost per tonne at the source of pollutant generation;
and two, as a cost per tonne removed from the lake load (i.e., taking into
account transmission effects of reducing the lake load).
WATERSHED
SUMMARY REPORT
SUXHARY AT YEAR 5
/ """""" L A N 0 ““““““ \ /"“ P 0 P U L A T 1 0 N “‘"'\
T AREA 0 F INT REM AGO 05v P05 P0P 05: 0R0 TRE PCI
1 76.93 u 2 0 0 O 0 1 0 1 0.00 0 0.000
2 113.H7 u 2 0 0 O 0 2 0 1 0.00 0 0.000
3 16.82 a 2 0 o o 0 3 o 1 0.00 0 0.000
3 5.16 12 1 0 0 10 0 u 27232 1290 0.93 63 0.800
3 1.10 14 1 0 0 1o 0 s 393 645 0.93 o 0.000
3 151.69 3 1 0 0 0 0 s o 1 0.00 o 0.000
3 12.65 9 1 0 0 10 0 7 1 1 0.00 0 0.000
0 27.53 3 1 o 0 o 0 e o 1 0.00 0 0.000
5 82.50 1 5 0 o o 0 9 0 1 0.00 o 0.000
5 0.90 15 1 0 o 10 o 10 1500 1000 0.00 no 0.650
MEASURES REPORT
MEASURES AT YEAR 5
VELOP______ \
- -- - - -r '- - ‘”“‘TREATM5NT"“‘\ /"“"DE
P05
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/.
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0
0.0
0
o
0
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